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ABSTRACT

This publication establishes standard practices and procedures for
inspection, testing and maintenance of Fire Protection Systems at DOD
installations. These practices and procedures are recommended to insure
the safety of personnel and property. The contents include: foam,
gaseous, and dry chemical extinguishing systems; and fire alarm,
automatic sprinkler, standpipe, smoke control and fire resistance. In
addition, this manual provides a glossary of terms, troubleshooting
suggestions, and self-study questions.
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FOREWORD

Thi s manual prescribes the policy, criteria, and procedures for

mai ntaining fire protection systens at mlitary installations. It

est abl i shes nmi nt enance standards and provi des gui dance for the

sel ection, use, and installation of foam gaseous, dry chem cal

extingui shing systens and fire alarm automatic sprinkler, and standpipe
systens, as well as brief discussions on stairwell pressurization and
fire resistance systens.

The mai nt enance standards prescribed have been established to protect
personnel and Governnent property with an econom cal and effective
expenditure of maintenance funds commensurate with the functional

requi renents of facilities. The publication furnishes guidance for the
performance of work by mai ntenance forces in the field.

Sel f-Study Questions foll ow each chapter to assist activities in on-the-
job training. An answer key is also provided. The rationale for the
answers may be obtained fromthe appropriate mlitary conmands |isted
bel ow.

The use of these systens and procedures by personnel responsible for

mai nt enance servi ce specifications, requisitions, procurenent,

i nspection, storage, issue, application, and safety; should assure
uniform econom cal, and satisfactory mai ntenance. Advice concerning any
procedure may be obtained from

(1) Departnment of the Arny-U. S. Arny Engi neering and Housi ng Support
Center (CEHSC-FB-1), Fort Belvoir, VA 22060-5580.
(2) Departnent of the Navy-Naval Facilities Engineering Conmmand
(163) or its geographic Engineering Field D vision (10).
(3) Departnment of the Air Force-Directorate of Civil Engineering-HQ
AFESC/ DEM

Reconmendati ons or suggestions for nodification, or additional
information and instructions that will inprove the publication and
notivate its use, are invited and should be submtted through appropriate
channels to the addresses |isted above.

Thi s publication supersedes the October 1981 editions of Arny TM 5-695;
Air Force AFM 91-37 and NAVFAC MO 117.

By order of the Secretaries of the Arny, the Navy, and the Air Force.
Oficial:
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The Adj utant General
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Chief of Staff
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CHAPTER 1. | NTRODUCTI ON

1.1 PURPCSE. This manual is a guide for mlitary and civilian personnel
who are concerned wth the operation, testing, inspection, and
mai nt enance of fire protection systens.

1.2 SCOPE. This manual describes the operation, testing, and

mai nt enance of fire alarmand fire extinguishing systens for buildings
and ot her

structures. Fire alarmand fire extinguishing systens-described in this
manual i ncl ude:

o Fire detection and notification equipnment for |ocal, renote
station, proprietary, and central station alarm systens

0 Automatic sprinkler systens

o Standpi pe and hose systens o Foam extingui shing systens

0 Gaseous extinguishing systens o Chem cal extinguishing systens

This docunent is intended to serve as both an educational reference and
a manual. Beginning with Chapter 2, the reader will be provided with a
general description of each type of fire protection system Included in
each chapter is a description of the testing, inspection and mai nt enance
procedures for the previously described fire protection system Self-
instructional questions are presented at the end of each chapter for
those readers using this docunent as a textbook.

Because of the | arge nunber of manufacturers and nodels for a given
fire protection product, this manual cannot be considered to be
applicable in every detail to a particular device or system Rather, the
principles apply on a generic basis for any given device or system

The procedures included in this manual for the testing of fire
protection systens do not necessarily constitute procedures for
acceptance tests of new fire protection systens. Procedures for
acceptance tests of new fire protection systens are included in
appl i cabl e design standards. 1In all cases, the operating, testing, and
mai nt enance procedures for fire protection equipnment should be done
according to the manufacturer’s instructions.

1.3 COOPERATI ON AND COCRDI NATI ON AMONG SERVI CES. Cooperation and
coordi nati on anong services and departnents in fire protection testing
and mai nt enance are encouraged at all levels of command. Mjor commands
and installations in a geographical area should establish and nmaintain
Iiaison and cross-service assistance for nost econom cal and efficient
servicing. lInspecting, testing and nmai ntenance nust be continuous to
avoi d unnecessary interruptions and possi bl e danger to personnel.
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1.4 JO NT SERVI CE RESPONSI BI LI TY. The responsi bl e organi zati on and
poi nt of contact for |atest available information, specifications, and
procedures for each branch of service is as foll ows:

1.4.1 Arny. Staff, command, and technical responsibility for
mai nt enance and repair of fire protection systens at Arny installations
will conformto assignnments set forth in AR-420-90. Mai ntenance and
repair support is the responsibility of the installation facilities
engi neer. Requests for assistance should be forwarded through channels to
the O fice of the Chief of Engineers, HQ DA, DAEN MPO B, Washi ngton, DC
20314.

1.4.2 Navy. The Commanding O ficer at each Naval shore
installation is responsible for an adequate nmai ntenance program These
responsibilities may be del egated to Fire Departnments and Public Wrks
Centers or Public Wrks Departnents as appropriate. The nai ntenance
program shall include, but is not limted to:

0 |Inspections and surveys to determne and identify defective

conditions (Reference NAVFAC MO 322 for guidelines)
0 Preventive maintenance according to standards set in this manual

0 Inspections and instructions to ensure that |abor, materials, and

equi pnent are used properly and safely and that operations are
pl anned and supervised by qualified personnel

o Coordination with civilian and other governnental agencies that

have sim | ar operation and mai ntenance capabilities
o Training and qualifying personnel to performeffective maintenance

Techni cal support for inspection, nmaintenance, repair condition
assessnent, and operation of fire protection systens is avail able at
Naval Facilities Engineering Command Headquarters, Code 16 or Engi neering
Field Divisions - Facilities Division, Code 10.

1.4.3 Air Force. Policy and standards for the design of fire
protection systens are established in AFM 88-10, Ch. 6 and AFR 88-15.
AFR 92-1 deals with the fire protection program The commandi ng of ficer
at each installation is responsible for an adequate mai nt enance program
Assi stance is available fromHQ Air Force Engi neering and Services Center
(HQ AFESC/ DEMM) Tyndal | AFB FL 32403-6001.

1.5 MAI NTENANCE STANDARDS, PCOLICIES, AND CRITERIA. The standards or
criteria contained in this manual have been devel oped by the Arnmy, Navy, -
and Air Force with the concurrence and approval of the Departnent of

Def ense (DOD). These standards address the inspection and mai ntenance of
fire protection systens at mlitary installations. Conpliance with these
standards is mandatory for the Arnmy and the Navy. It wll| adequately
support the operational mssions of the installations, and will permt

i nterservice assi stance and support, where possible, in the interest of
efficiency and econony.

Determ ning the need and perform ng mai nt enance, repairs, and
rehabilitation of existing fire protection systens should be based on

experience, judgnent, and/or engineering evaluation. Wen systens are
i nactive, maintenance policies should be consistent wth the anticipated
future mssion of the installation and in accordance with the



i nactivation plan. Qualified technical personnel should be used to
assist in the establishnment of inspection and mai ntenance prograns.

Requi renents for the design and construction of fire protection
systens are found in various departnental publications. Reference to
ot her published materials which provide related or nore extensive
information on specific areas of nmaintenance is nmade where appropriate
t hroughout this manual .
1.6 MAI NTENANCE PROGRAM  An inspection and nmai ntenance programfor fire
protection systens shoul d be devel oped according to regul ati ons and
policy of each branch of service. The objectives of the Mi ntenance
Program are: 1) prevention or pronpt detection of deficiencies or damage,
2) pronpt maintenance or repairs in an econom cal and workabl e manner,
and 3) avoi dance of unnecessary interruptions and possi ble danger to
personnel, facilities and m ssions. Damaged parts should be replaced or
repaired as soon as possi bl e because when one itemis not working, the
entire systemmay not function as expected or required.

A mai nt enance program consists of three tasks: inspection,
mai nt enance and repair. The follow ng should be considered in devel opi ng
and i npl enmenting the mai ntenance program

1.6.1 Inspection. Inspections should be conducted to determ ne the
degree of fire hazard involved with each structure. The degree of hazard
will be used to determne the priority sequence of repair and the extent
of repair required. Visual and nechanical checking of the condition of
facilities should be performed on a regularly schedul ed basis to
determ ne the extent of the maintenance and repair work required and to
ensure the proper operation of the systens. Additional inspections may
be necessary under certain circunstances, such as heavy freezes and
damage by occupants. Basic checklists and procedural techniques for
i nspection are included in this manual. Oher fornms or checklists are
avail able within each mlitary branch and are included in nunerous
standards published by the National Fire Protection Association (NFPA).

1.6.2 Mintenance. Maintenance is the day-to-day, periodic, or
schedul ed work required to preserve or restore a facility to a condition
so it can be effectively used for its designed purpose. It includes work
to prevent damage or the deterioration of a facility that otherw se would
be nore costly to restore. Pronpt nai ntenance done in an econom cal and
wor kabl e manner is essential for personnel safety and to protect the
facility fromextensive fire damage. Therefore, detail ed procedures,
performed on schedul e, should be provided in the Mintenance Program

1.6.3 Repair. Repair is the restoration of a systemto a condition
that allows it to be used for its designed purpose. The repair may
require overhaul, reprocessing, or replacing parts or materials that have
deteriorated because of use or age and have not been corrected through
mai nt enance. Repair can be part of a nodernization program The overal
econony of the systemand facility served and the requirenents for a safe
and operabl e system shoul d be studi ed before recommendi ng najor repairs.
Factors to evaluate include, but are not limted, to the follow ng:

0 Replacenent cost of the systemin relation to the expected life
span of the systemand the facility and to the cost of repairs

o0 Pronpt detection of deficiencies or damage

0 Operation and mai ntenance costs of the old versus a new system

0 Possible obsol escence of the system and the present adequacy of
the facility,



0 Present and future availability of maintenance funds
0 Operational econom cs and safety hazards of downtinme involved in
maj or repair or replacenent of facilities.

1.7 SAFETY. Safety precautions and safe mai ntenance practices are
covered in the foll ow ng docunents:

o Arny - EM 385-1-1
Navy - NAVFACI NST 5100. 11F
Air Force - AFCSH St andards
OSHA regul ations, sections 1910 and 1926.

©o0Oo

The procedures addressed in this manual are in conpliance wth the
noted OSHA regul ati ons applicable in 1986.

1.8 TERM NOLOGY. Definitions of terns related to the operation, testing
and mai ntenance of fire protection systens are in the glossary of this
manual .

1.9 | MPORTANCE OF MAI NTENANCE. According to the NFPA, approximtely
6,185 civilians died in 1985 as a result of fires in the United States.
In addition, nore than 28,425 nonfatal civilian fire injuries occurred in
1984. The NFPA further estimates that direct property loss fromfires in
1985 exceeded seven billion dollars.

While statistics for DOD facilities are not readily available, the
NFPA statistics are evidence of the extent of the national fire | oss.
However, statistics such as these cannot reflect the effects of
interfering wwth the continuity of DOD functions.

Fire protection systens are installed in structures to provide
protection of life and property, and to assure the continuity of

inportant mssions. |In order to operate effectively, fire protection
systens are designed for the specific building and associ ated hazard
usi ng appropriate DOD standards. It is apparent, therefore, that the

testing and mai ntenance of these systens are necessary to ensure
operability.
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For exanple, NFPA statistics indicate that automatic sprinklers are
96. 2 percent effective in controlling fires, based upon data accumul at ed
in the period of 1925-1969 (Table 1-1). An exam nation of the 3.8
percent "failures" shows that nore than one half of these failures can be
attributed to inadequate nmaintenance, including closed supply val ves,
enpty gravity tanks and failure of fire punps to start (Table 1-2).

Accurate statistics are not available as of this date, but it is
estimated that the rate of satisfactory performance for other fire
protection systens may be as |ow as 27 percent. Lower rates of
accept abl e performance are generally attributed to nore conplicated
extingui shing systens, such as gaseous and chem cal systens, which have
nor e conponents susceptible to failure and which require increased
mai nt enance.

[retrieve Table 1-1. Automatic Sprinkler Performance Summary, 1925-1969]
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[retrieve Table 1-2. Detailed Analysis of Unsatisfactory Automatic
Sprinkl er Perfornmance]
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CHAPTER 1. SELF- STUDY QUESTI ONS
Instructions: Select the correct answer(s) for each of the follow ng
guesti ons.
Q-1 The objective of the nmaintenance programfor fire protection
systens is:

a. Prompt detection of deficiencies or damage.
b. Replacenent or repair of damaged equi pnent in an econom cal
manner .
c. Replacenent or repair of damaged equi pnent as soon as
possi bl e.
d. Preservation of life, property and continuity of operations.
e. Al of the above,

Q-2 Thi s manual includes the mai ntenance of fire suppression equi pnment

a. True b. False
QL-3  Technical support for the maintenance of fire protection systems

avail abl e from each branch of service:
a. True b. Fal se

Ql-4 The instructions in this manual supersede the instructions of the
manuf acturer of a particular device or system

a. True b. Fal se

Q-5 When extending or upgrading an existing fire protection system
redesign criteria for the new equi prent may be found in this
manual .

a. True b. Fal se

Ql-6 Statistics show that nore than one-half of sprinkler systens
failures
can be attributed to nmmi ntenance rel ated deficienci es.

a. True b. False
Q-7 Mai nt enance i s the:

a. Restoration of a facility to a condition that allows it to be
used for its designed purpose.
b. Regularly schedul ed visual and nmechani cal checking of the
conditions of a facility.
c. Periodic work required to preserve or restore a facility that
allows it to be used for its designed purpose.
d. Evaluation of various costs associated with the operation and
repair of a facility.

Q-8 Thi s manual contains definitions of various terns related to fire
protection systens and their naintenance.

a. True b. Fal se
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CHAPTER 2. FI RE ALARM SYSTEMS

2.1 GENERAL. The purpose of a fire alarmsystemis to protect life,
property and the continuity of operations by giving early warning of a
fire so that occupants may evacuate the building and the fire departnent
may be notified.

Fire alarmsystens generally fall into two broad classifications:
(1) building or local fire alarmsystens and (2) base fire al arm systens.
Each of these systemtypes may al so be coded or noncoded, using either
line voltage or |ow voltage electric power. The follow ng sections
explain the nethods of classifying the various types of alarm systens and
descri be the general features or functions of each type.

2.2 BU LD NG ALARM SYSTEMS. A building or local fire alarm system
provi des audi bl e and/or visual alarmsignals as the result of nanual
operation of a fire alarm box or automatic operation of protective
equi pnment such as sprinkler systens and heat or snoke detectors.

Addi tional signal and energency functions can be added to buil ding
al arm systens, such as fire door closing and fan shutdown. However, it
shoul d be noted that these add-on functions are not the prinmary purpose
of the alarm system

2.2.1 Building Alarm System Types. Building alarmsystens may be
| ocal, or local with base al arm system connection. They may be coded or
noncoded and operate either on line voltage or |ow voltage electric
power. Their characteristics are described in the follow ng paragraphs.

2.2.1.1 Noncoded Alarm Systens. A noncoded al arm system has
one or nore alarmindicating appliances to alert the building occupants
of a fire but does not tell the location or the type of device which has
been activated (manual alarmor autonatic protection equipnent). The
audi bl e and/or visual alarm appliances operate continuously until they
are turned off, a predeterm ned tine has passed or the systemis restored
to normal status. The location or type of device originating the alarm
condition can be determ ned by one of the follow ng nethods:

o] No Annunci ation. Annunciation may be elimnated in snal
bui | di ngs

where a fire can be | ocated easily. The building alarm signal
i ndi cates which building the signal originates from a specific
| ocation of the fire is determ ned by search.

o] Annunci ation at Control Unit. The annunciator helps |ocate the
fire or the originating device. Annunciation at the control
unit is frequently used in |arger building systens that have
several al arm subsections, especially if there are several
types of alarmdevices or if the building has areas not easily
seen froma central |ocation



An annunci ator consists of lights or other indicators on a fire alarm
control panel to show the point of alarmorigin. Each light represents a
protected area or zone of the fire alarmsystem (Figure 2-1). A graphic
annunci ator has lights on an area map to show | ocation nore precisely.

Figure 2-1. Control Unit with Annunciation. PHOTOGRAPH NOT | NCLUDED

o] Annunci ation at a Renote Location. |If the control panel cannot
be
| ocated where it will be constantly attended, a renote
annunci ator can be placed in a reception area, tel ephone
operator area, guard shack, or other area where it can be
observed. An annunci ator nmay be | ocated on the buil ding
exterior so it is easily accessible to the fire departnent.

Each zone of annunciation is clearly |abeled on the renote
annunci ator to identify the protected zones (Figure 2-2).

Figure 2-2. Renpte Annunci ator (Watherproof). PHOTOGRAPH NOT | NCLUDED.
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o] Mul ti pl e Annunciation. Sonme |arge fire alarm systens may
require

annunciators in nore than one |ocation, such as the tel ephone
swi t chboard, maintenance office, security office, or the main
entrance. GCenerally, fire alarmcontrol panels with the
annunci ation feature can be adapted to annunciate at multiple
renmote | ocations. Each annunciator may show i denti cal
information or a preselected different set of zones m ght
appear at each annunci ator.

2.2.1.2 Coded Alarm Systens. A coded al arm system has audi bl e
and/or visual alarmsignals with distinctive pulsing or coding to alert
occupants to a fire condition and to the |ocation or type of device which
originated the alarm Coding the audi bl e appliances may al so be used to
hel p distinguish the fire alarmsignal from other audible signals which
may be in use or to encourage a nore orderly and disciplined evacuation
of the building. A comon characteristic of coded al arm systens, nost
especially of selective coded and nultiplex coded systens, is that the
coded alarmidentification provided by the audible alarmsignals is not
repeated continuously. Normally, after four conplete repetitions of the
coded signal, the coding process ends. Exanples of coded al arm signals
are given in the follow ng sections.

o] Master Coded. A master coded | ocal alarm system prevents

conf usi on
between fire alarm audi bl e signals and other audi ble signals in
the building. Wen the systemis activated, a codi ng nmechani sm
or electronic circuitry at the fire alarmcontrol panel causes
all the building indicating devices to pulsate in a distinctive
repetitive pattern, identifying the signal as a fire alarm
signal but does not indicate where the fire is.

o] March-Time Coded. A march-tinme coded signal is one particular
mast er coded signal. Wen the repetitive pattern of the fire
al arm audi bl e signals is arranged to sound in a pul sating,
mar ch-ti me cadence (approxi mately 120 pul ses per mnute), the
signals are march-tine coded. March-tine coded signals are
sonetinmes used for buildings with heavy popul ation densities,
such as schools, to encourage orderly, rapid evacuation of the
buil ding. Coding of the signals is done by a coding nechani sm
or electronic circuitry in the fire alarmcontrol panel

o] Sel ective Coded. 1In a selective coded |ocal alarm system each
alarminitiating device has a coder or each device or zone is
connected to a separate coder at the fire alarmcontrol panel.
The coder causes the alarmsignals to pulsate in a distinctive
repetitive pattern which identifies the | ocation and/or type of
alarminitiating device.

o] Mul ti pl ex Coded. Multiplex coding uses wire or radio for
si gnal
transm ssion and all ows several signals to be transmtted and
recei ved simultaneously and/or sequentially, over the sane
comuni cation channel. The transm ssion nethod includes neans
to positively identify each signal. Miltiplex normally inplies



the use of conputer based equi pnment at the control unit.
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A large building system may use nultiplexing to get a maxi mum nunber
of identified points (zones) with mnimumwring. Alarminitiating
devices normally are wired to zone termnals in a local multiplex
interface unit, comonly called a data gathering panel. A multiplex
control unit constantly scans a nunber of interface units and obtains the
coded zone status information fromthese units.

o] Coded Signal Recorders and Displays. Coded signal recorders
and

di spl ays provide a neans to identify and respond to a coded
alarmif the signal was not noticed or has stopped operating.
The signal recording devices provide a permanent record of al
status changes of all devices in the system A display
presents the sanme information tenporarily, usually by neans of
| ighted nunbers and/or letters. Many coded systens provide
| ocation information in the coded signal as well as status
information. The coded signal can identify whether the
detection device originating the signal is telling the system
that it is reporting an alarm a trouble or a return to nornal
stat us.

Paper Tape Recorder. The paper tape recorder, or register (Figure
2-3) has historically been used to record the pul ses produced by a coded
alarmtransmtter. The recorder marks a status change of a coded al arm
by punching holes or printing ink dots on the paper tape. The nunber of
hol es or dots indicates the code nunber--and therefore the | ocation--of
the alarm The nunber of tines the pattern repeats indicates the status
of the detection device (e.g. four repeats is alarm one repeat is
troubl e).

If one circuit is nonitored the tape is usually 1/2 inch wide; if
nore than one circuit is nonitored, the tape is usually 3 or nore inches
wi de. More details on this equipnment are in the section on Signa
Recorders, later in this chapter

Al pha- Nuneri c Paper Tape Recorder (Printer). The Al pha-Nuneric
paper tape recorder is normally used only with the newer coded or

mul ti pl ex al arm systens, but they are available for retrofit on ol der
types of coded al arm systens.

Figure 2-3. Paper Tape Recorder. PHOTOGRAPH NOT | NCLUDED
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The Al pha-Nuneric recorder (Figure 2-4) is frequently used with sone
ot her tenporary neans of alarmdisplay, such as a solid state display or
cathode ray tube (CRT). The recorders provide a hard-copy record of
alarms, normally in an abbreviated al pha-nuneric form but sonetines in
full text al pha-numeric. The nunber identifies the |ocation of the
device causing the alarm and the nessage indicates the al arm status.

A typical display and/or printout would be "2.04.12 WIRFLOW RST"

i ndi cating that waterflow al arm nunber 2.04.12 has restored to a norma
condition (after a waterflow alarm. The location is determned froma
reference list arranged in nunerical order or froma cathode ray tube or
proj ected phot ographic slide display. Were a full text al pha-nuneric
format is used, all pertinent information is provided and the nuneri cal
reference list or display is not required. The paper tape used for the
printer is usually 3 inches or nore w de.

2.2.1.3 OQperating Voltage. Fire alarmsystens are in two
general categories, determi ned by the voltage at which the systens

operate--line voltage and | ow voltage. Regardless of the operating
vol tage, a system may al so be noncoded or coded.
Generally, line voltage systens are used where only manual fire

al arm and evacuation signaling service are provided. Low voltage al arm
systens, especially those provided with battery standby power, are nost
often found where sone formof automatic fire detection or automatic fire
extinguishing is connected to the alarmsystem However, recent
conversion by nost al arm system manufacturers to solid state electronic
design, which is essentially a | ow voltage direct current technol ogy,
means that nost recent installations are of the | ow voltage type.

Figure 2-4. Alarm Console with Al pha-Nuneric Recorder and CRT D spl ay.

PHOTOGRAPH NOT | NCLUDED
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o] Li ne Vol tage Systens. Many ol der |ocal alarmsystens are

power ed
by AC power only with no provision for standby battery power.
In these cases, two separate AC circuits (usually 120/ 240 VAC)
are used; one to power the fire alarmsystemoperating circuits
and the other to power the trouble signaling circuits of the
system In case of alarm system power failure or other
mal function, an audi bl e and/or visual trouble signal indicates
the need to correct the alarmsystemfailure.

o] Low Vol tage Systens. Historically, |ow voltage direct current
fire
al arm systens have been used with automatic detection. Today,
nost al arm systens are | ow vol tage systens with a capability
for standby battery and battery recharging. Usually 24 hours
of operating capacity on battery power is provided.

2.2.1.4 Local Al arm Local Alarm System Wth Base Al arm
Connection. So far, the types of local fire alarmsystens which may be
encountered in various buildings or facilities on a mlitary installation
have been di scussed. Sone systens are |ocal systens only but in the
majority of mlitary installations they are | ocal systens with base al arm
connection, the distinction being as foll ows:

o] Local System A local fire alarmsystem has audi bl e and/ or
vi sual

alarmsignals that operate only in the protected building and
does not transmt signals to a renote, continuously attended
| ocation, such as a fire station. These systens are frequently
found at mlitary installations. Such signals protect the
lives of the occupants, but property protection and protection
for the continuity of operations is only provided when peopl e
are in or around the building to hear and react to the |ocal
si gnal .

o] Local Systemw th Base Al arm Connection. A local (building)
al arm

system can be equi pped to activate an auxiliary alarmcircuit.
This circuit can be used to operate a renote signal transmtter
connected to the base alarm system Base al arm system si gnal
transmtters can al so be connected directly to initiating
devi ces, such as waterflow al arm devi ces, which have no direct
connection to a local alarmsystem |In either case, an
identifying code is transmtted to the base al arm system
receiver, which is normally |located at the fire station.

2.2.2 Building Alarm System Conponents. Figure 2-5 shows how the
basi ¢ conponents of a local fire alarmsystem are interconnected. The
devices in the diagram are grouped for convenience in | abeling. Physical
| ocation and zoning of devices vary for different applications and many
systens do not have all the devices shown.

2.2.2.1 Control Unit. The fire alarmcontrol unit provides
termnation points for all initiating circuits, indicating circuits,
renote annunci ators, and other auxiliary devices. The control unit



accepts low current signals fromthe alarminitiating circuits and,
through relays or other circuitry, provides the larger current required
to operate the alarmindicating devices and/or auxiliary devices. The
condition of the alarminitiating and indicating circuit wiring is
continuously nonitored by the control unit. Trouble indication is
provided in the event of an abnormal condition in the system such as an
AC power failure or a wiring failure.
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The control unit is usually housed in a sheet netal cabinet (Figure
2-1). In larger systens it may be in a floor nounted console with a desk
work area (Figure 2-4). Accessory cabinets for term nal boards, renote
transmtters, and power supplies mght be in a nearby, separate room from
the main control unit. The control unit usually provides annunci ati on of
signals (telling where a signal originates).

Traditionally, the control unit nonitors the status and "knows" the
| ocation of actuated devices using electronic circuitry. In recent
years, conputers have, been used to elimnate the need for custom desi gned
el ectronic circuitry. Conputers are used in hard-wired and nul ti pl ex
syst ens.

State-of-the-art systens utilizing conputers as part of the control
unit on hard-w red systens address the needs of a specific building by
the software (conputer progranms). Referred to as "intelligent” or
"addressabl e" fire alarmsystem installers can, via the software, enable
the conputer to identify actuated initiating devices by |ocation, nonitor
the sensitivity of initiating devices (and indicate when the sensitivity
has changed beyond acceptable limts), initiate auxiliary features, etc.
[retrieve Figure 2-5. Local Fire Al arm System Di agranj

Because all circuits termnate at the control unit, it is a
convenient test location. Test switches (if provided) are usually inside
the | ocked door of the control unit. Only, if the switches are key
operated will they be on the control unit exterior.
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Test switches may include audible alarmand trouble silencing
switches, an alarmtest switch, and a drill swtch. |If an initiating
circuit, a device, or a control unit malfunctions and the audi ble alarm
sounds, the alarmsilence switch at the control unit can be noved to the
silence position.

In addition, the normal sequence of actions required to restore the
alarmsystemto its normal operating condition is shown in Table 2-1.

TABLE 2-1
ACTI ONS REQUI RED TO RESTORE ALARM SYSTEM
TO NORVAL OPERATI NG CONDI Tl ON

o o o o o o o o e f o o o o o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e e m e e ===
-+ | Action |
S o e
---1 1 1. Operate alarm silence switch !
| to the silence position. i Audible trouble signals

start.,

1 1

| |

| 2. Operate trouble silence switch | Audible trouble signals stop. |

| to the silence position. | Visual trouble indicator |
i illuminates. :
1 1

| 1

| 3. Correct or repair malfunction. i No change in indicators. |

1 1

| 1

| 4. Restore alarm silence switch i Audible trouble signals

start. |
: to the normal position. | !

1 1
| 1
| 5. Restore trouble silence switch | Audible trouble signals stop. |
| to the normal position. | Visual trouble indicator

light |
: | extinguishes. |
A o e

-—t

If there is a test switch in the control unit, it simulates an alarm
condition. Operating the test switch causes audible signals to sound,
causes fan shutdown, fire door closing, and transmission of an alarm
signal to a remote receiver, if these features are provided. Before
operating a test switch, be sure preparations for a test are made,
including notifying proper authorities to avoid undesired fire department
response and inconvenience or possible panic to the building occupants.

A drill switch in the control unit sounds the alarm audible signal
without activating any of the alarm system auxiliary features. The drill
switch is intended for use in fire drills.

2.2.2.2 Initiating Devices and Circuits. An alarm device
initiates a fire alarm signal either as a result of manual operation,
such as a manual fire alarm station, or automatically, in the case of
heat, smoke or waterflow detectors. Initiating devices, with rare
exceptions, have normally open contacts which close on an alarm
condition. Normally closed devices are intended only for applications
such as fan shutdown and fire door closing or for use with municipal
circuits (see Section 2.3.1).



The initiating devices may be coded or noncoded. In coded fire
al arm systens, the nost common initiating devices are manual |y operated
fire alarm boxes and waterflow transmtters. The coding device is
usual ly driven by a spring-wund escapenent mechanism Mnual fire alarm
boxes are wound each tine the actuating handle is operated. Releasing
t he handl e allows the
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mechanismto transmt the code. Waterflow transmtters are manually
wound with a key and are activated by a nechanical |inkage assenbly to
transmt the code when there is waterflow in the sprinkler system One
or nore noncoded manual fire alarm boxes or waterflow swi tches can be
connected to electrically activate one electric-notor driven coding

devi ce.

A coded initiating device connected to a building fire alarm system
produces coded operation of the building audible and/or visual signals.
I f no neasures are taken to prevent a clash of signals when two or nore
coded initiating devices are operated at the sane tine, the coding
devices are "interfering." To avoid such a clash, the follow ng features
may be provided:

(0]

Shunt Noninterfering. Figure 2-6 illustrates the shunt
noninterfering feature. Each coded initiating device on the
initiating circuit has a set of normally closed coding contacts
wired in series with all other coding contacts in the circuit.
In addition, each initiating device has a set of normally open,
cam operated contacts which close and remain closed while the
codi ng contacts are operating. These camoperated contacts
performthe noninterference function by shunting all coding
contacts of initiating devices connected electrically beyond
the coding contact which is operating. The |last set of cam
operated contacts at the end of the initiating circuit perforns
no function and is not usually connected.

Series Noninterfering. Figure 2-7 illustrates the series
noninterfering feature. Each coded initiating device has a set
of normally open coding contacts and the coding contacts for

all the devices on the circuit are connected in shunt
(parallel). At the end of the initiating circuit is an end-of -
line resistor. In addition, each initiating device has a set
of normally closed, camoperated contacts which open and remain
open while the coding contacts are operating. These cam
operated contacts are connected so that, when open, they

di sconnect all coding contacts of initiating devices

el ectrically beyond the coding contact which is operating. The
| ast set of camoperated contacts at the end of the initiating
circuit perfornms no function and woul d usually not be

connect ed.

2.2.2.3 Indicating Devices. The purpose of an indicating

device is to alert people to the presence of an alarmor trouble

condi ti on.

Alarmindicating devices in a building alarm system can be

annunci ators or audi ble signals or a conbination of both.

0
"zone"

ANNUNCI ATORS.  Annunci ators give a visual indication of the

or general area where an alarmoriginates. |n sone cases, the
annunci ator can be arranged to identify the individual
initiating device, such as a sprinkler waterflow alarm In

ot her cases, such as heat detectors, many initiating devices
may activate the sanme indicator on the annunci ator.



The annunci ator indicator can be operated directly by auxiliary
contacts
in the initiating device or froma connection to the fire alarmcontro
unit. A trouble or maintenance condition in the systemwring is also
frequently annunci ated by zone. Usually, a yellow or anber I|ight
i ndi cates trouble and
a red light indicates an al arm signal.
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[retrieve Figure 2-6. Shunt Noninterfering Coded Al arm Signaling
Crcuit]
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[retrieve Figure 2-7. Series Noninterfering Coded Al arm Signaling
Crcuit]

An annunci ator may be incorporated into the fire alarmcontrol unit,
in which case it is generally actuated by connection to the control unit.
It may al so be located at a renpte point, in which case it may be
actuated either by the control unit or by auxiliary contacts in the
initiating devices. Sone installations may have a fire alarm control
unit with an integral zone annunciator and a renote annunci ator provi ded
el sewhere. Frequently, the control unit standby battery is used to
provi de power for annunci ator operation during power failures.

Annunci at or visual indicators may be the drop type or the lanp type.
Drop type annunci ators (which are essentially obsol ete) use
el ectromagnetic devices to nove a flag into or away froma w ndow to
i ndicate a change in zone condition. A |lanp type annunci ator uses pil ot
light assenblies to indicate an alarmor trouble condition (usually red
for alarm anber for
trouble). The nbost comon type of annunciator in use today is the lanp
type. Figure 2-2 shows a frequently used incandescent |anp annunci ator.
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More recent annunci ator designs use matrices or arrays of |ight-
emtting-diodes (LEDs). The advantages of LEDs are |ow current, |ong
life and small size, allow ng annunciation of many zones in a snal
space.

o] Audi bl e Signal Appliances. Any device that sounds an audi bl e
signal is classified as an audi bl e signal appliance. The
audi bl e signal appliances nost frequently used in building
alarm systens are bells and horns. In addition there are
chi mes, cow bells, buzzers, sirens, speakers, air horns and
steam whi stles. Audible signals can be used to indicate,
either a fire alarmor a system mal function (trouble)
condition. The audi ble signal appliances are connected to
audi bl e signal circuits for alarmor trouble indication
(depending on their function) at the control unit. Figure 2-8
shows sone of the conmmonly used audi bl e signal appliances.

Figure 2-8. Audible Signal Appliance. PHOTOGRAPH NOT | NCLUDED

Audi bl e signal appliances have varying | evels of sound out put.
Louder devices are for areas with high anbient sound | evels or where the
devi ces cannot be |ocated near the area to be warned. Hospitals m ght
use softer devices, such as chines, to avoid frightening patients.

Coded buil ding alarm systens normally use single-stroke versions of
bells or chinmes so the coded signal can be clearly produced. Vibratory
bells, chinmes, or horns are used for noncoded systens but can al so be
used in coded systens if the nmechani smused can respond rapidly enough to
provi de an accurate rendition of the code being transmtted. |[If audible
signals are used routinely, such as bells for announcing class periods in
a school, the fire alarm audi bl e appliances nmust have a distinct, easily
identified sound. If the fire alarmsignal is coded, the coding provides
the distinctive sound, and it is feasible (although not normal) to use
the sanme bells for both functions. In a noncoded fire alarmsystem
necessary distinction of the fire alarmsignal is obtained by using a
conpletely, different type of audible signal appliance, such as a horn or
siren.

Some fire alarmsystens sound a presignal alarm using only a few
audi bl e devi ces | ocated where they can be heard by persons in authority
and who are famliar with the building and its alarmsystem \en the
al arm sounds, these persons can investigate the cause of the alarm and
activate
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the general alarmif necessary. Activation of the general alarm signal
appliances in a presignal systemis usually acconplished by the use of a
key at the nearest manual fire alarmdevice or at the control unit. |If
the alarmis triggered by a nonfire cause, the alarm system can be reset
W t hout operating the general alarmsignals. Sone presignal systens are
arranged to signal a general alarmautomatically after a tinme delay of a
few mnutes if the alarm system has not been restored to normal. The
general evacuation alarm signal appliances are usually separate and

di stinct from presignal appliances and,are |ocated so as to be heard and
seen by all occupants of the building.

o] Vi sual Signal Devices. Visual devices, such as |ighted signs
or
fire alarmstrobe lights, are used in areas where either a high
anbi ent noise |evel exists or the building is occupied by
hearing-inpaired individuals. An area with a high anbient
noi se level is one in which single or double hearing protection
is required.

2.2.2.4 Power Supplies.

o] System Power Supply. Power supply refers to the circuitry and
conponents used to convert AG line voltage to | ow vol tage AC or
DC for operating the alarm system and chargi ng st andby
batteries. |If an older systemhas a dry cell, nonrechargeabl e
standby battery (no | onger permtted by NFPA standards), the
power supply usually includes switches for connecting the
battery to the system when AC power fails. Figure 2-9 is a
sinmplified diagramof a typical DC power supply for powering a
| ow vol tage DC al arm system and chargi ng a rechargeabl e st andby
battery.

There are many variations of this basic power supply design which add
such features as voltage regulation, current limting and automatic high
rate/low rate charging, controlled by the state of battery charge. "Deep
cycling” may be required of N Cad batteries to conpletely recharge the
battery. Al designs normally provide current and voltage neters, pilot
| anps, and switches for manual control of charging rate.

o] Snmoke Detector Power Supply. Wien snoke detectors are used in
an

alarmsystem their internal electronic circuits are usually
powered fromthe main fire alarm power supply. Sone types of
snoke detectors have a nore strict power supply requirenent
than other parts of the fire alarmsystem especially with
regard to purity of the DC voltage |evel. The power supply for
t hose snoke detectors nust have out put vol tage regul ati on and
filtering not otherwise required by the fire alarmsystem In
t hose cases, the basic power supply may be upgraded to power
t he snoke detectors as well as the control unit, or a separate
snoke detector power supply may be used in addition to the
basic supply. |In either case, if the systemhas battery
standby, it is usually conmmon to both power suppli es.



[retrieve Figure 2-9. Typical DC Power Supply and Battery Charger]

2.2.2.5 Auxiliary Devices. A building alarm systemcontrol unit
may have auxiliary contacts which operate auxiliary functions when an
al arm occurs. For auxiliary devices, the power source can be either the
main fire alarm power supply or line power, if battery standby power is
not required for the auxiliary functions. A failure of auxiliary
functions should not adversely affect the primary function of the alarm
system which is to warn the occupants of a threat of fire. For alarm
systemtesting, one or nore "bypass" switches are usually provided to
all ow systemtesting wi thout activating the auxiliary circuits. |If
bypass switches are not provided, it may be necessary to nmake speci al
arrangenments prior to conducting any tests.

The follow ng auxiliary functions can be controlled by the alarm
system activating base fire alarmsystem fan shutdown/start-up, fire
door closure, release of extinguishing agent and el evator recall.

o] Activating the Base Fire Alarm System The base al arm system
can

be activated by auxiliary alarm contacts connected to the
initiating circuit of a transmtter which is conpatible with
the base alarmsystem For nore detail refer to the section on
base al arm systens.

o] Fan Shutdown/ Start-up. The auxiliary contacts for fan shutdown
or
start-up are connected into the notor starter circuit for the
HVAC (heating, ventilation, air conditioning) fans. A separate
set of contacts is required for each fan that is to be
af f ect ed.

It may be nore convenient to use an alarmvoltage output fromthe
control unit to cause fan shutdown. A relay with nmultiple contacts (a
multiple relay) for controlling nultiple fans is | ocated near the notor
control center or the tenperature control panel. The relay coil is
energi zed by alarmvoltage fromthe alarmcontrol unit causing contacts
to open in the individual fan control circuits, stopping all the fans.
Figure 2-10 shows a typical circuit for fan shutdown or other auxiliary
functions.

o] Fire Door C osure. Door closure operation is usually
controlled by

an electric door holder working with a nechani cal door closing
mechani sm El ectric door holders may be either normally
energi zed or deenergi zed. The nost common door hol ders are
normal Iy energi zed and use an el ectromagnet, typically nounted
on the wall or floor as a door-stop. A swivel nounted armature
is nmounted on the door, positioned so it contacts the
el ectromagnet when the door is fully opened. During nornal
conditions, the door is held by the electromagnet with a force
of 20 to 25 pounds. Wen a fire alarmoccurs, auxiliary
contacts at the fire alarmcontrol unit open, renoving power
fromthe el ectromagnet and rel easing the door. Figure 2-11
shows one of the nore common el ectronmagnetic door hol der
devices. Variations of door closure devices conbine the
el ectric door hol der mechani sm and the nechani cal door cl oser
unit in a single package.



[retrieve Figure 2-10. Typical Fan Shutdown Circuit]
Figure 2-11. Electromagnetic Door Hol der. PHOTOGRAPH NOT | NCLUDED

o] Rel ease of Extinguishing, Agent. Auxiliary alarmcircuits of
t he

fire alarmcontrol Unit Call release or activate an
extingui shing agent. The interface between the. alarm and
extingui shing systemis usually sone form of el ectronmechanica
device (such as a solenoid valve) which is energized by the
al arm system control unit when there is a fire alarm For nore
detail see Chapters 6 through 11 on special hazard
ext i ngui shing systens.

o] El evator Recall. Upon initiation of a fire alarm signal,
nor mal
el evator operation is interrupted by the alarmcontrol panel.
Al elevators are returned designated floor, wth a secondary
floor selected if the initiated device is on the primary
designated floor. The primary floor typically the ground or
first floor.

2.2.3 Services for Building

2.2.3.1 Manual Fire Alarm Service. Figure 2-12 shows a nmanual
fire station, which is also called a manual pull box, a manual fire box
or a manual fire alarm The photograph shows one alarminitiating
device. Typically, a manual fire alarm systemincludes many initiating
devi ces.

Figure 2-12. Manual Pull Box. PHOTOGRAPH NOT | NCLUDED

The manual fire al arm devices provide a neans of manually activating the
fire alarmsystemand are used in all types of fire alarmsystens. They
may be the only initiating devices provided or they may be used with
automatic initiating devices, such as heat or snoke detectors.

Manual fire stations are generally |ocated near main exits froma
building or froma floor of a nulti-story building and in certain work
areas contai ning unusual fire hazards, val uable equipnment, or records
subject to fire damage. Paint shops, aircraft repair areas, conputer
roons and tel ephone equi pnent roons are exanples of such work areas.

2.2.3.2 Automatic Fire Alarm Service. Automatic fire alarm systens
i ncl ude devices which initiate an without any action on the part of
people. The automatic devices sense sonme synptom or product of a fire
such as heat, snoke, infrared or ultraviolet radiation, or waterflowin a
sprinkler system

Automatic fire alarmsystens are used to reduce property | osses,
interruption of operations due to fire, and protect people in their
living, working and sl eeping areas. Heat detectors are probably the nost
wi dely used initiating device for general purpose automatic fire alarm
syst ens.

General ly, snmoke, infrared and ultraviol et detectors are faster
acting than heat detectors. Fast acting detectors are frequently used in



automatic fire detection systens which incorporate an extingui shing agent
rel ease function to protect high value or highly conbustible storage and
wor k areas, such as conputer roons, aircraft storage and repair areas,
expl osi ve processing areas, and tel ephone equi pnent roons. Chapters 6
t hrough 11 descri be sone of these special systens.

2.2.3.3 Waterflow Alarm  Sprinkler systens may have a | oca
audi bl e devi ce, such as a water notor gong or electric bell, at the
sprinkler riser as well as a waterfl ow sensing device connected to the
bui l di ng alarm system Detection of waterflow in an automatic sprinkler
systemis valuable for two reasons: (1) it speeds the summoning of aid in
fighting the fire; (2) in the case of a smaller fire which can be put out
entirely by sprinklers, it indicates that water is flowng into the
buil ding so that when the fire is out the water can be stopped, keeping
wat er damage to a mninum \Waterfl ow can be sensed by vane type or
pressure type switches or water diverted through a water notor gong. A
| ocal electrical audible device at the riser normally is electrically
i ndependent of the building alarm system

2.2.3.4 Evacuation Alarm Evacuation alarns alert people to
| eave a building threatened by fire and/or notify building occupants to
effect manual fire suppression. Evacuation alarm systens have bells,
horns, taped nessages and/or flashing lights to attract attention in the
area. The signals nust be distinctive so they are not m staken for
routine signals, for exanple, audible signals nmust be distinctly
different from base kl axon system audi bl e signals. Frequently evacuation
al arm systens have nmanual fire stations as the only alarminitiating
devi ces, although automatic fire alarm systens can al so be used as
evacuati on al arns.

Where fal se alarnms nay be a problem due to vandali sm or other
unfavorabl e conditions, a presignal evacuation alarmnmay be used to
i nform key personnel, the fire brigade and the fire departnent of the
fire alarm In a presignal system if an actual fire is found, a key is
used at the manual station operated or at the fire alarmcontrol panel to
operate the evacuation al arm signaling devices throughout the building.
If no fireis found, the fire alarmcontrol panel can be reset w thout
evacuating the buil ding.

In | arge buil dings, evacuation alarnms may sound only on sel ected
floors or sections. Simlarly, taped nessages nmay be fornmul ated for a
specific section or floor of the building.

2.2.3.5 Sprinkler Supervisory Alarm Because of the critical
nature of sprinkler systens in the fire protection of buildings, it is
necessary to continuously nonitor conditions which influence the
ef fectiveness of sprinkler systens. Valve position (open or closed),
bui l di ng and water tank tenperatures (to avoid freezing), tank water
| evel ,

air pressure in dry pipe systens, preaction systens and pressurized water
tanks, fire punp power and mal function are nonitored by a sprinkler
supervi sory alarmsystem Control units for sprinkler supervisory alarm
systens and fire alarmsystens are simlar and both are often
incorporated into the same control unit.

Sprinkl er supervisory alarminitiating devices are switches, just as
fire alarminitiating devices are. Normally open sw tches which cl ose
upon alarmare frequently used in end-of-line resistor circuits, though
sone normal ly closed switches are used in normally closed |oop circuits.
However, the alarminitiating devices for sprinkler supervision nount



differently and sense different conditions fromfire alarminitiating
devi ces.

I ndi cating devices for sprinkler supervisory alarns are the sanme as
for fire alarnms; i.e., horns, bells, chinmes, buzzers, |ights,
annunci ators, printers, and CRT and al pha-nuneric displays and they are
used in the sane way as for fire alarns. Usually only one or two audible
signal appliances are used because the signal is a maintenance type
alarm It is only used to summon responsi bl e personnel to correct the
abnormal condition. Figure 2-5 applies also to supervisory systens if
appropriate initiating devices and control unit are substituted. Figures
2-13 through 2-23 show sone typical sprinkler supervisory signal
initiating devices. Figure 2-24 shows one of the nore frequently used
supervisory signal initiating circuits.

2.2.3.6 Renpte Alarm Signaling. It is usually desirable to
connect building alarmsystens to a renbte receiving station where
conpet ent personnel are always on duty who can take the proper action-to
extinguish the fire and evacuate the building if necessary or see that
necessary mai ntenance is conpleted. Most fire alarmand supervisory
al arm control panels have provision for connection to a renote receiving
station, usually in the formof auxiliary relay contacts which can be
connected to operate an alarmtransmtter.

Figure 2-13. (OS&Y Val ve Position Switch (Plunger Type) PHOTOGRAPH NOT
| NCLUDED

Figure 2-14. (OS&Y Val ue Position Switch (Lever Type) PHOTOGRAPH NOT

| NCLUDED.
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2.2.3.7 Interlock to Oher Building Systens. In sone types of
buildings it is necessary to interlock the fire alarmsystemto other
bui l di ng systens. Such interlocks are usually designed into fire alarm
systens for |arge buildings, densely popul ated buil di ngs, or buildings
with special fire hazards. The fire alarm system nmay provide for
operation of any of a nunber of auxiliary devices, described previously
in section 2.2.2.5.

Figure 2-15. Low Air Tenperature Switch. PHOTOGRAPH NOT | NCLUDED

Figure 2-16. PIV Position Switch (Plunger Type). PHOTOGRAPH NOT
| NCLUDED.

Figure 2-17. PIV Position Switch (Lever Type). PHOTOGRAPH NOT | NCLUDED

Figure 2-18. Butterfly Valve Position Switch (Magnetically Operated)
PHOTOGRAPH NOT | NCLUDED

Figure 2-19. Butterfly Valve Position Switch (Mechanically Operated)
PHOTOGRAPH NOT | NCLUDED

Figure 2-20. Non-Ri sing Stem Valve Position Swtch. PHOTOGRAPH NOT
| NCLUDED.

Figure 2-21. Water Level Switch (Float Actuated). PHOTOGRAPH NOT

| NCLUDED.

Figure 2-22. Low Water Tenperature Switch. PHOTOGRAPH NOT | NCLUDED.
Figure 2-23. Gate Valve Position Switch (Plug Type). PHOTOGRAPH NOT
| NCLUDED.

[retrieve Figure 2-24. Class B Signal Initiated Grcuit]

2.3 BASE ALARM SYSTEMS. As for any alarm system the purpose of a base
alarmsystemis the protection of |ife, property, and the continuity of
operations. By sending alarmsignals to a central receiving |location,
which is continuously staffed by trained persons conpetent to take
necessary action, the protection provided can be nore effective than that
provi ded by a nunber of independent |ocal building alarns.

2.3.1 Cassification of Base Fire Al arm Systens

2.3.1.1 Normal Conmmercial Application of Equi prent. Base fire
al arm systens may have characteristics simlar to |ocal alarmsystens
(i.e. they may be coded or noncoded, line or |ow voltage, etc). However,
they are nost aptly classified by the normal commercial application of
t he equi pnment .

o] Muni ci pal Type Alarm System A munici pal type alarm system
normal |y provides manual fire alarmsignaling service over
wiring owned and installed by the city. A city-owed facility,
such as a fire station, is the normal |location for the alarm
monitoring equipnent. In a typical mlitary base application,
in addition to nonitoring alarnms frommanual fire al arm boxes
| ocated on streets, the systemal so nonitors the status of
building fire alarmsystens and building fire extinguishing
systens. A nunicipal systemis also characterized by the
foll ow ng features:



system

0
provi des

1. It is a coded system wth up to several hundred
transmtters connected on a single circuit. Each circuit
reports to base al arm headquarters and several such
circuits may be used at a single base.

2. Normal operating voltage of each circuit is 48 to 130 volts
DC and normal operating current is approximately 100
m || i anperes.

Renote Station Type Alarm System A renpote station alarm

normal |y provides al armsignaling fromautomatic alarm or
extingui shing systens in buildings. This type system does not
usual Iy provide manual fire alarmsignaling frommnual fire

al arm boxes | ocated on streets and, in addition, the systemis
normal Il y noncoded, providing pilot |anp or neter annunciation
of the building where the alarmoccurred. This system also has
the follow ng additional characteristics:

1. Each noncoded alarmcircuit normally operates on |ight
gauge (#22 through #26) tel ephone type wiring. This
wiring, in commercial applications, is |eased fromthe
t el ephone conpany.

2. One pair of telephone type wires is required for each al arm
circuit.

3. Each telephone line circuit nornmally operates at 12 to 48
VDC and at a current of from3 to 30 m|lianperes.

Proprietary Type Alarm System A proprietary alarm system

signals fromvarious devices in a single large building or from
a nunber of smaller buildings under a single ownership or
managenent to a continuously attended |ocation, controlled and
staffed by enpl oyees of the protected property. 1In norma
commercial applications, a proprietary alarmsystem can only be
connected to nonitor signals from buil dings which are owned or
operated by a single conpany or owner. Proprietary alarm
systens are very common at Air Force Bases.

The equi pnent used in a proprietary system nmay be coded or noncoded,
line or low voltage, or may use tel ephone type or conventional house
W ring. Transm ssion of signals may be acconplished by tel ephone or
conventional house wiring or by radio transmtting equi pnent.

0
syst ens

Central Station Type Alarm System Central station alarm

provide alarmsignals fromvarious devices in a single |arge
buil ding or froma nunber of separate buildings to a
continuously attended | ocati on owned and operated by an

i ndependent party. The systemis normally coded and up to 250
separate code transmtters, located in up to 25 different
properties, may be connected to a single circuit. Several
coded circuits can be nonitored at a single central station.
Commercially, this is the nost widely used nethod of 24 hour



alarmnonitoring systens. Wen an alarmsignal is received,
the central station notifies the fire departnment responsible
for the area where the building is located. O her
characteristics of this type system are:

1. It typically operates over tel ephone type (#22 through #26
gauge wires) circuits leased fromthe tel ephone conpany.

2. Each circuit typically operates at 48 to 130 VDC at a
current of 3 to 10 m i anperes.

2.3.1.2 Cdassification by Method of Signal Transm ssion.

o] Radio Call Box. A radio call box systemis simlar to the
muni ci pal type system previously described in terns of the
pur pose, |ocation of boxes, and auxiliary building alarns.

The main distinctive features of a radio call box systemare the
met hod of signal transm ssion (radio), the redundancy requirenents for
receivers at the communication center (two conplete receiving equi pnent
sets), the testing features required, and the sophisticated signal coding
used. Interface panels may be required as the neans of connection
between the initiating circuits and the radio transmtter.

o] Multiplex. Miltiplexing is a signaling nethod which uses
si mul t aneous and/or sequential transm ssion and reception of
mul ti ple signals on one circuit or comuni cati on channel.
Codi ng provides positive identification of each signal. Figure
2-25 is a block diagramof a nultiplex alarmsystem

[retrieve Figure 2-25. Miltiplex A arm System Bl ock Di agranj

Mul ti pl ex systens can be of the proprietary or central station type,
dependi ng on the Underwiters’ Laboratories listing of the equi pnent
used. Cenerally, equipnment |isted for central station use can be used for
ei ther application while equipnent listed for proprietary use can only be
used for proprietary applications.
o] Hard-Wred. Hard-wired systens are the sane as nunici pal and
central station types.

o] Tel ephone Alarm Type (Automatic Dialers). Automatic dialers
use
exi sting tel ephone circuits to actually place a tel ephone cal
to a fire communi cation center

If permitted by the local authorities, an automatic tape dialer
makes the call to the fire emergency nunber. A tape recorded nessage to
the effect that "There is a fire in progress at 123 Elm Street," is
pl ayed over the tel ephone to the fire dispatcher. The nessage is
repeated several times and then the automatic dial er hangs up.

For an automatic digital dialer, an unlisted tel ephone nunber is set
asi de for exclusive use in receiving alarm nessages at the fire
communi cation center. A special receiver is installed which answers the
calls, converts the coded nessage to a display and/or printout



identifying the |ocation sending the nessage, the type of alarm(fire,
burgl ar, nedical energency, etc.) and the tine received. The total tine
fromanswering the call to hanging up is nuch shorter for the digital
dialer than for the tape dialer. Many dialers would be arranged to cal
one receiver in an established al arm system

2.3.1.3 dassification of Base Alarm Systens According to the
NFPA

o] Muni cipal Fire Alarm Systens. According to NFPA 1221-1984, a
muni ci pal fire alarmfulfills "two principal functions: that of
receiving fire alarnms or other energency calls fromthe public
and that of retransmtting these alarmand energency calls to
the fire conpani es and ot her interested agencies".

o] Renote Station Alarm Systens. In NFPA 72C- 1986, a renote
station

alarmsystemis defined as "a systemof electrically supervised
circuits enploying a direct circuit connection between
signaling devices at the protected prem ses and signal
recei ving equipnent in a renote station, such as a nunicipa
fire alarm headquarters, a fire station, or other |ocation
acceptable to the authority having jurisdiction.”

o] Proprietary Alarm Systens. A proprietary alarmsystemis
descri bed

in NFPA 72D-1986 as: "A protective signaling system under
constant supervision by conpetent and experienced personnel in
a central supervising station at the property protected. The
system i ncl udes equi pnent and other facilities required to
permt the operators to test and operate the system and, upon
recei pt of a signal, to take such action as shall be required
under the rules established for their guidance by the authority
having jurisdiction. The systemshall be maintai ned and tested
by owner personnel or an organization satisfactory to the
authority having jurisdiction."”
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o] Central Station Alarm Systens. |In NFPA 71-1985, a centra

station
alarmsystemis "A system or group of systens in which the
operations of circuits and devices are signal ed automatically
to, recorded in, maintained, and supervised from an approved
central station having conpetent and experienced observers and
operators who shall, upon receipt of a signal, take such action
as shall be required by this standard. Such systens shall be
controll ed and operated by a person, firmor corporation whose
principal business is the furnishing and maintaining of
supervi sed signaling service."

2.3.2 Base Al arm System Conponents.

2.3.2.1 Signal Transmitters. A common fire alarmtransmtter
is the tel egraph type wth ground connection, comonly known as the
McCul l oh transmtter. The McCulloh coded fire alarmtransmtters are
frequently used for automatic fire alarmsystens. The MCul |l oh
transmtter is found in many other forns, often in conbination with
initiating devices, such as manual fire stations and waterfl ow sw tches.
The McCul l oh transmtter sends a coded series of pulses which identifies
the particular transmtter

Base al arm systens al so use reversal transmtters. The transmtter
causes the DC polarity (plus and mnus) of a pair of wires to be reversed
fromthe normal condition for the alarmcondition. Figure 2-26 shows a
typical reversal (relay) transmitter schematic. Receiving equipnent and
tel ephone lines required for this (reversal) type transmtter are
different fromthe equi pnent and tel ephone lines required for MCulloh
system

The data gathering panel in a nultiplex type system may be
considered an alarmtransmtter. It is the nmeans of sending the alarm
information fromthe
vicinity of the alarminitiating devices to the main alarmreceiving
consol e. The data gathering panel continually scans the initiating device
circuits connected to it and tenporarily stores any change in device
status. The
al arm consol e, neanwhile, is continually scanning the data gathering
panel s for changes in status. On the next scan after the change in
status, the alarmconsole picks up the stored information fromthe data
gat hering panel. The data gathering panel is sonetines called a
transponder to nore accurately describe the transmt and respond
functions.

2.3.2.2 Signal Receiving Facilities. The equipnent installed in a
receiving facility varies, depending on the exact type of base system
but certain characteristics of the receiving facility are comon to al
the types of base systens. The alarmreceiving equipment is normally
powered by AC line voltage with a secondary power source to provide at
| east 4 hours of equipnment operation if the AC power fails. A
continuously avail abl e generator nmay take the place of the rechargeabl e
batteries.

Usual |y the comrunication center is located in a fire station with



direct tel ephone and radi o communi cations with other fire station(s)
served by its conmmunications facilities. Wen received, fire alarnms may
directly ring bells in the living and working areas of the fire
station(s). Detailed information on |ocation, type, and size of fire is
announced over a paging systemand/or radio to the firefighters as they
nove to the trucks and as the trucks nove toward the fire.

[retrieve Figure 2-26. Class B Renote Signaling Grcuit]

2.3.2.3 Signal Receivers. Alarmreceiving equipnent processes
the incom ng signal and changes it to a formwhich can be used by the
signal recording device or conputer, if used. Depending on the
sophi stication of the receiving equipnent, it may automatically display
varyi ng degrees of detailed information. GCenerally, the nultiplex or
radio call box type system coupled with a conputer, automatically
di splays the detailed information. MCulloh systens al so have been
coupled with conputers, which automatically decode the pul sed signal and
di spl ay appropriate energency infornmation.

o] McCul | oh and Muni ci pal Type Receivers. MCulloh and nuni ci pal
type

receivers are simlar. The receiver consists of a cabinet
containing relays and switches to acconmpdate the types of
circuit faults that m ght occur, paper tape registers for
recording signals, indicator |ights and audi ble signals to show
that a signal is comng in or AC power is lost, and a neter to
indicate current in the transmssion circuits. The cabinet may
serve up to 12 circuits and the neter may be switched from one
circuit to another for testing. Figure 2-27 illustrates a
typi cal set of MCulloh receiving equi pnent.

Figure 2-27. MCulloh Signal Receiving Equi prent. PHOTOGRAPH NOT
| NCLUDED.

o] Radi o Call Box Receivers. A radio call box receiver

i ncorporates a
radi o receiver and signal processor for decoding radio signals.
Wien this type systemis the main or only base fire alarm
system provi ded, the receiver and associ ated vi sual displ ay,
printer, audible signals, control sw tches, power supply,
cl ock, standby battery, charger, signal strength neter, and
menory unit are nornmally nounted in a console or cabinet
assenbly. Sonme conponents, such as battery and charger m ght
be housed in a separate cabinet or room The main receiving
antenna i s nounted separately at sonme high point in or on the
buil ding to obtain maxi mum |ine-of-sight signal strength.
Fi gure 2-28 shows a typical radio call box receiver console
i ncorporating two conplete receivers.

The di splay, which provides information on the |ocation and type of
alarm information may be of the graphic or al pha-nuneric type. The
menory unit stores addresses identifying nunbers for all the boxes in the
system When a signal is received, it is conpared with nmenory information
to determine if the signal is a valid one froma known call box. The



menory is also used once a day to determne if any call boxes failed to
transmt the required daily test signal, or reported a | ow battery or
ot her trouble condition. Depending on the equi pnment manufacturer, the
test signal may be initiated by a timer in the call box or it may be
commanded by the receiving console in systens which are conputer based
(in which radi o boxes and the base station are actually transmtter/
receivers). Printers maintain a permanent record of all signals and
acknow edgnents of signals.

In order to satisfy NFPA 1221, a conpl ete redundant set of receiving
equi pnment is required as a backup. Both sets nust be continuously
operating, except during the energency repair of one set.

o] Mul tiplex Receivers. A nmultiplex receiver is physically

simlar to
the radio call box receiver. Frequently a nultiplex receiver
wi |l also have an associ ated keyboard and CRT. (Figure 2-4
shows a typical installation.) The keyboard is used to enter
new enmergency information into the console nenory. Contro
swi tches can be used to request information on a particular
zone, which is then

di spl ayed on the CRT or projected on a screen by a slide projector.

Mul tiplex systens al so have annunci ati on and al pha-nuneric
di spl ays. However, unlike radio call box systens, daily test
signals are not required in nmultiplex systens since the
receiving equipnment is in alnost constant contact wth the data
gathering panels. Printers are generally used with nultiplex
systens to obtain a permanent record of date and tine the
signals are received and a record of acknow edgnents of
si gnal s.

o] Renpte Station Receivers. Renpte station receivers are

characterized by small nodul es, each of which corresponds to an
al arm si gnal source. Each nodule has indicator |ights and/or a
meter to indicate alarm nornmal, and trouble conditions, The
power supplies for the individual signals are usually |ocated
at the signal sources, so the only power supply required at the
receiver is for operating indicator |lights and a conmon audi bl e
si gnal devi ce.

Figure 2-28. Radio Call Box Signal Receiver Console. PHOTOGRAPH NOT
| NCLUDED.

2.3.2.4 Signal Recorders. Through the last 40 to 50 years,
signal recorders have devel oped trenendously. Sone of the earliest
nodel s are still in operation, so a wde range of types is found in
exi sting base al arm systens.

The McCul | oh tape register is one of the nore wi dely used signal
recorders in existing systens. Sone of the older nodels use a spring
wound notor to nove the paper tape through the recorder. A hole is
punched in the tape for each pulse of the coded signal. Newer nodels use
el ectrical nmeans to nove the paper tape through the register and the
pul se marks are generated by solenoid action. For each pul se, the
sol enoid may cause a wiggle in a line drawn by a pen, print a spot, or
punch a hole in the paper tape. Regardl ess of the type, the used portion



of the tape is usually stored on a notor-driven take-up reel. Sone
regi sters record the signals for a nunber of separate circuits on the
sane tape.

Several types of printing recorders are used in |arger systens. The
| arge nunber of signals received makes the sinpler, one circuit tape
regi sters inpractical because of the excessive anpbunts of paper which
woul d be used.

2.3.2.5 Power Supplies. Numerous power supplies are
associated with the base alarmsystem Mst of these wll be small power
supplies at the protected sites, used for powering the individual alarm
transmtters, for tripping a |local-energy-trip type nunici pal
transmtter, or for powering renote signaling circuits. |In addition, a
| arger power supply is needed at the alarmreceiving |ocation for
powering the receivers) and other equipnment essential to the alarm
receiving and fire equi pment di spatchi ng operation.

o] Power Supplies at the Protected Building. At the protected
bui |l di ng, individual itens of equipnment nmay have separate power
supplies or all power may be provided by the local fire alarm
control panel power supply. Frequently, the power supply for
the individual transmtter or renpote signaling pair of wires is
a rechargeabl e, seal ed nickel-cadm umor |ead-acid battery
whi ch powers the | oad through a current-limting resistor. The
battery charge is maintained by a sinple charging circuit which
constantly "trickle-charges"” (low rate constant current
charging) a nickel-cadm um battery or "float charges" (constant
vol tage charging in which the current tapers off to zero) a
| ead-acid battery.

El ectrically powered code transmtters may al so have a trouble
signal power supply, simlar to the main supply, which insures that a
trouble signal is transmtted in case of failure of the main supply.
General |y, secondary power supplies at the protected building are
designed to provide 24 hours of operation if the AC power is
di sconnect ed.

o] Receiving Station Power Supply. The fire alarmreceiving
station

has primary and secondary power. Primary power is a reliable
commercial (AC) power source or an engine driven generator.
Secondary power may be storage batteries with
rectifier/charger. If both types of primary power are
avai l abl e, the battery capacity nust be sufficient to operate
the system under maxi mnum normal |oad for four hours. |If the
generator is not available, the battery capacity nust be
increased to all ow operation for 24 hours.

There are many other allowed conbinations of primary and secondary
power sources, described in NFPA Standard No. 72D. Mai ntenance and
testing aspects for all conbinations are essentially the sane.

2.3.3 Servi ces Provided by Base Al arm Syst ens.

2.3.3.1 Mnitoring Fire Alarm Signals. The primary purpose of
the base fire alarmsystemis to nonitor fire alarmsignals and relay the



alarnms to the affected fire station(s). Base system nonitoring of
signals is nore effective than a purely local audible fire alarm
especi ally during

nonwor ki ng hours. The operators/dispatchers receiving the alarmare
trai ned persons, conpetent to take necessary action. Local alarns, if
noticed, may be received by an untrai ned passerby who may take

i nappropriate or ineffective action.

2.3.3.2 Monitoring Fire Trouble Signals. Fire trouble signals
indicate problens in local fire alarmsystens which could reduce their
effectiveness or render theminoperative. Pronpt action to correct the
problemis necessary in order to restore fire alarmprotection. Fire
trouble includes circuit and equi pment faults and power failure.
2.3.3.3 Mnitoring Sprinkler Supervisory Signals. A sprinkler
supervi sory signal indicates that an abnormal condition exists which may
inpair the effectiveness of sprinklers. Sone type of maintenance action
is required in order to correct the condition and restore the sprinkler
systen(s) to full effectiveness. |If the supervisory devices were
carefully identified at installation, the maintenance person dispatched
can be fully prepared to correct the abnormal condition causing the
si gnal .
2.3.3.4 Monitoring Oher Signals. Sonetinmes security alarns
and/ or medi cal energency alarns are connected to produce signals at the
same receiving facility as fire, fire trouble, and supervisory signals.
If two or nore signals originate at the sanme | ocation, sone plan for
establishing priorities and elimnating confusion of signals is
necessary.
2.4 SUPERVI SED CI RCU TS. Because of the critical nature of fire alarm
systens, a feature known as "el ectrical supervision" has been designed
into these systens. Alarmsystens nust be in service at all tines;
el ectrical supervision causes a warning (trouble) signal that sone
potential or actual electrical problemexists in the alarmsystem This
trouble signal is clearly distinguishable froma fire alarm signal
2.4.1 (Casses, Types, and Applications Supervision. There are
several nethods of circuit supervision used in fire alarmsystens. The
particul ar nmet hod used may depend on the type of fire alarmsystem
(muni ci pal, local, proprietary, etc.), type of circuit (signaling or
initiating) and desired capacity of the circuit (in terns of nunber of
devi ces or zones connected by the circuit). The variety of circuit
supervi si on net hods can be grouped into three categories, based on
circuit performance despite the presence of an abnormal condition, such
as single open, ground or wire-to-wire short.
Category 1: Circuit indicates trouble when abnormal condition is
det ect ed.
Category 2: Circuit indicates trouble when abnormal condition is
detected. Alarmtransm ssion/receipt may be possible.

Category 3: Circuit indicates trouble when abnormal condition is
detected. Alarmtransm ssion/receipt still possible.

Category 1 circuits have traditionally been referred to as Cass B
circuits. Recently, NFPA 72D refers to "Styles" rather than "C asses".
For proprietary signaling system for which NFPA 72D is applicable, a
category 1 circuit is either Style Ain the case of an initiating device
circuit, (IDC) or Styles 0.5 and 3.5 if a signaling line circuit (SLC)



Category 2 circuits are a conbination of traditional C ass A and
Class B circuits. For proprietary signaling systens, IDC Styles B and C
and SLC Styles 1, 2, 3, 4 and 4.5 are all category 2 circuits. Finally,
category 2 circuits, have been traditionally referred to as Cass A
circuits. NFPA 72D now identifies the.category 2 circuits as Styles D
and E for IDCs and Styles 5, 6 and 7 for SLC S.

Since circuit types are already referenced as "C asses” and "Styl es”
i n NFPA docunents and ot her publication use of "Categories" as a third
nmeans of designation for * this manual would only add to the confusion.
Thus, circuit categories will be as Class A or B for the purpose of this
manual . This designation is used due to the traditional and w despread
acceptance of this term nology. Those individuals working solely on
proprietary signaling systens should refer to the discussion inmediately
precedi ng this paragraph to convert fromthe "Cl ass" designation to
"Style". The sinplest of the nore commonly used circuits is the Cass B
circuit and it is discussed first.

2.4.1.1 dCass B Supervision Applications. A Cass B
supervised fire alarmcircuit provides a warning trouble signal if a
fault occurs in the circuit and may not function for its original alarm
purpose until the fault is corrected, depending on the |ocation and type
of fault.

o] Initiating Crcuit. Figure 2-24 shows a typical Cass B alarm
initiating circuit. A continuous small electrical current,
supplied by the fire alarmcontrol panel, flows through the
series loop fornmed by one side of the initiating circuit, the
end-of-line resistor, and the other side of the initiating
circuit as indicated by the arrow. The fire alarmcontrol
panel reacts to this constant |low current as a no-alarm or
normal condition.

Under normal conditions, the alarmand trouble relay coils have the
sane | ow val ue of supervisory current flow For the alarmrelay, this
value is inadequate to close its normally open contacts. The trouble
relay is nore sensitive and is energi zed by the supervisory current and
the normally closed contacts are held open. |If the supervisory current
drops to zero because of a broken wire anywhere in the initiating
circuit, the trouble relay is deenergized and its contacts cl ose, causing
an audi bl e and vi sual trouble signal.

If no wires are broken, closing the contacts of an initiating device
provi des a | ow resistance current path, short circuiting the end-of-Iline
resistor and increasing the alarmrelay coil current. The alarmrelay is
energi zed, closing its contacts and ringing the alarmbells. Continued
fire alarmoperation with a broken wire depends upon the |ocation of the
break and the actuated initiating device.

o] Renmote Signaling Crcuit. Figure 2-26 shows a Class B renote
signaling circuit, commonly used for fire departnent connection
to individual building alarmsystens. The alarmtransmtter
can either be part of the fire alarmcontrol cabinet or be
operated by it. Figure 2-26 shows the no al arm condition.

If, instead of an alarm one of the two tel ephone wires is broken,
t he supervising current supplied by the transmtter will drop to zero
closing the receiver nodule relay contacts, lighting the |lanp and
soundi ng the buzzer. The neter indication will be zero, marked on the



meter face as trouble. If a telephone wire is broken before an alarm
condition occurs, the reversal of voltage by the alarmtransmtter wll
not change the "no current” condition at the alarmreceiver and no al arm
will be caused. The trouble condition will continue until the broken
wire is repaired.

o] Indicating Grcuit. Figure 2-29 shows a Cass B alarm
i ndi cating
circuit. During normal conditions a small current flows
constantly through the |oop formed by the two sides of the
circuit and the end-of-line resistor.

[retrieve Figure 2-29. Cass B Alarmindicating Grcuit]

For an alarmcondition, the voltage and current supplied by the fire
alarm control panel reverse and the current is no longer limted to a
smal | supervising current. Current flows through the polarized audible
appliances now as well as the end-of-line resistor and the audible
appliances sound the fire alarm

As in the circuit in Figure 2-26, if one of the circuit wires is
broken during otherw se normal conditions, the supervising current stops
and a trouble condition is indicated at the fire alarmcontrol panel.
Also, as in the other Cass B circuits, the portion of the circuit beyond
the broken wire (in this case, the audi ble devices beyond the break in
the wire) will not operate in the event of an al arm

2.4.1.2 dass A Supervision Applications. A Cass A supervised
fire alarmcircuit provides a trouble signal and continues to operate as
an alarmcircuit after one fault has occurred in the wring.

[retrieve Figure 2-30. Cass A Alarminitiating Grcuit]
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o] Initiating Crcuit. |In Figure 2-30, a typical Cass A alarm
initiating circuit is illustrated. A continuous supervisory
current supplied by the fire alarmcontrol unit flows through
the two circuit loops (circuit |oops are shown as the wiring
between termnals A and A, and termnals B and B. Al four
termnals are located at the fire alarmcontrol unit).
Typically one A and B pair of termnals are the "feed" or
"supply" pair for the initiating circuit. |If the outer A and B
termnals are the plus (+) and mnus (-) supply pair,
respectively, the inner A and B pair are the "return” pair.
Typically, a trouble relay coil in the fire alarmcontrol panel
is energized by the supervisory current. If awire inthe A
| oop breaks, the trouble relay is deenergized, causing two
results: (1) audible and visual trouble signals occur; (2) the
damaged circuit is automatically conditioned so that the total
circuit is still active as an alarmcircuit. Al alarm
initiating devices are still effective if alarmconditions
occur. Wth a broken wire in the A loop, both ends of the A
| oop becone plus (+) feed or supply termnals. There is no
| onger an A loop return termnal, since current cannot flow in
the A loop with the broken wre.

I f alarmconditions occur, any one of the initiating device sw tches
could close, a current path between A (+) and B (-) |oops would occur,
and the fire alarmcontrol unit would react by soundi ng audi bl e
appliances and/or transmtting a fire alarmsignal to a renote receiving
station.

o] Renmote Signaling Circuit. It is also frequently desirable to
have

the Class A characteristic in a circuit for connecting a
building fire alarmcontrol panel to the fire departnent or to
sonme other alarmreceiving point. Figure 2-31 shows a typica
sinplified Cass A renote signaling McCulloh circuit. It is
simlar to the Cdass Ainitiating circuit. The main
differences are the use of earth ground by the McCulloh circuit
for one of the circuit |oops and the use of coding to identify
which building is producing the alarm Qherw se the Cass A
operation is the sane.

In an actual installation, a second circuit |oop may be substituted
for earth ground. The use of earth ground reduces the quantity of wre
required, since the earth is actually used as an el ectrical conductor
between the alarmtransmtters and the receiving station. The
identifying code of each transmitter is produced by rotation of a code
wheel with a unique nunber or sequence of groups of teeth which operate
t he coding contacts. The alarmis received as a series of pulses which
identify the location of the transmtter.

o] Indicating Grcuit. Figure 2-32 shows a Class A Alarm
| ndi cati ng
Crcuit. It is quite simlar to the Cass B version shown in
Figure 2-29. The Class A circuit has all the bells polarized
and the supervisory current operates a relay in the fire alarm
control panel. The relay, connected to the return term nal,



deenergizes if a wire breaks and causes the audible and vi sual
trouble signals. Bells on both sides of the break are still
operative. This conditioning to keep the bells operative is
simlar to that for a Cass Afire alarminitiating circuit.

2.4.1.3 Series Normally Closed Grcuit Supervision. Series
normal ly closed circuits are not usually found in recently installed fire
al arm systens, but many of these circuits are in older systens. Normally
closed series initiating circuits for the municipal shunt trip box or
transmtter and some series manual box circuits for directly shutting
down fans and closing fire doors are still being installed in new
systens. Exanples of the older series initiating circuit and indicating
circuit are described here.

[retrieve Figure 2-31. Cass A Renote Signaling Grcuit (MCulloh)]

o] Initiating Crcuit. The series normally closed initiating
circuit

is not recommended or approved by generally accepted |isting
agencies for fire alarmuse. This circuit does not distinguish
between circuit trouble and a fire alarm both conditions cause
a fire alarm signal because the opening of normally closed
contacts is indistinguishable fromopening of the circuit due
to a broken wire. Figure 2-33 shows an exanple of the circuit.

NFPA standards require initiating circuits to be supervised. Mny
installed initiating circuits are not supervised though first appearances
may indicate that they are. To tell if a circuit is supervised, refer to
the control unit internal diagrams to see if both ends of any initiating
circuit loops are connected to the sanme point in the control unit, with
all switches in their normal positions. |[If the circuit |oops are
conplete loops with no relay coils, contacts or resistors in them the
circuit is unsupervised, as shown in Figure 2-34. Another unsupervised
initiating circuit, which sel domoccurs, has two parallel wires with
normal |y open initiating devices connected between them The wires end
at the last initiating device with no end of line resistor, diode or
rel ay.

[retrieve Figure 2-32. Cass A Alarmindicating Crcuit]

[retrieve Figure 2-33. Series Normally Closed Initiating Grcuit]

o] Indicating Circuit. A series indicating or bell circuit is
generally used with an AC powered control unit. AC powered,
series connected audi bl e appliances are usually wired simlar
to the circuit showmn in Figure 2-35. The individual bells are
rated at sone fraction of the supply voltage, depending on the
nunber of bells. For instance, five bells rated at 24 VAC or
ten rated at 12 VAC m ght be used with a 120- VAC power sour ce.
A current limting resistor at the fire alarmcontrol panel
protects the bells and wiring fromexcessive current, and its
resi stance and power rating are chosen to conpensate for the
nunber of bells actually used. Sonetines the current limting
resistor is conbined with a thernostatic device for opening the
bell supply circuit when the current has been excessive for a
period of tinme, or the bells have just been operating for sone
period of tinme. Such a thernostatic device requires nmanual



resetting to restore the bells to service.

Accepted standards require nost indicating circuits to be supervised
t hough many installed al arm systens have unsupervi sed indicating
circuits. The unsupervised circuit may be forned of two conplete wire
| oops with indicating devices connected between the two | oops. This
circuit can usually be identified by the fact that each indicating (bell)
circuit termnal has two wires connected to it. Wen renoved fromthe
termnal, the two wires will show | ow resi stance between t hem when
checked with an ohmmeter.

A constant small|l supervisory current is supplied to the bell circuit,
whi ch energi zes the supervisory relay and hol ds contacts in the trouble
circuit open. |If a break occurs in the bell circuit, the supervisory
rel ay deenergizes, closing the contacts in the trouble circuit and
sounding the trouble bell. 1In an alarmcondition, the alarmrelay
contacts short circuit the supervisory relay coil, reducing circuit
resi stance and increasing bell current enough to cause the bells to ring.

[retrieve Figure 2-34. Exanple of An Unsupervised Initiating Grcuit]

2.4.1.4 Unsupervised circuits. A fault in an unsupervised circuit
causes no trouble signal or automatic conditioning for continued
operation. Circuits not required to be supervised include trouble signal
sounding circuits, sounding circuits for an audi ble device in the sane
roomwith a control unit (if protected with conduit), and annunci ation
circuits. Oher circuits are required by NFPA standards to be
supervi sed. The other unsupervised indicating circuit sonetinmes found
has two parallel wires with the indicating devices (bells, etc.)
connected between them The wires end at the last indicating device with
no end of l|ine device connected. Another clue to an unsupervised
indicating circuit is the absence of polarizing features (diodes) on the
indicating devices. Two or nore circuits of this type may connect to the
bell termnals of a control unit.

[retrieve Figure 2-35. Series Indicating Grcuit]

2.4.1.5 Power Supervision Applications. Power supplies for
fire alarmoperation are supervised in a variety of ways. Mbst
frequently the power supervisory devices are contained in the fire alarm
control panel
o Automatic Transfer with Indication. Failure of AC power to
t he
al arm system causes a relay to deenergize. The relay
contacts usually cause automatic transfer of power to a
secondary source, such as batteries. Additional relay
contacts operate audi ble and visual trouble signals,
i ndicating the need to correct the condition before the
secondary source i s depl et ed.

o] I ndication Only. An exanple of power supervision is shown

Figure 2-36. In this case, the presence of DC power for

t he snoke detector is sensed by an end-of-line relay. The
relay contacts are connected so that |oss of power at the
end of the snoke detector power circuit will cause an
"open” in the initiating circuit. As discussed for Class A



and Class B circuits, this will produce audi bl e and vi sual
trouble signals at the fire alarmcontrol panel. In this
case, these signals indicate the need for restoration of
snoke detector power. The original failure could have been
caused by battery problens or a broken wire in the snoke
detector power circuit.

[retrieve Figure 2-36. Exanple of Power Supervision]
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CHAPTER 2. SELF- STUDY QUESTI ONS

Instructions: Select the correct answer(s) for each of the follow ng

guesti ons.
Q-1 The primary purpose of a building alarmsystemis to:
a. Interrupt normal activities.

b. Cdose fire doors and shutdown fans.
c. Protect life, property and continuity of operations.
d. Provide a convenient nethod for having fire drills.

@-2 A building alarm system provi des audi ble and/or visual fire alarm
signals in response to:

a. Cosing a sprinkler systemcontrol valve two turns or nore. b.
Unpl uggi ng a snoke detector fromits socket.
c. Operation of a water level switch in a water reservoir.
d. Automatic operation of heat detectors, snoke detectors or
sprinkler waterfl ow sw tches.

@-3 A noncoded building al arm system

a. Cannot identify the location of the device causing the alarm
b. My identify the source of the alarm by the use of
annunciation. ¢c. May cause bells to ring in a distinctive pattern
identifying the
source of the alarm
d. My cause the audible signals to sound in a march-time cadence
to expedite evacuati on.

@-4 A nmultiplex alarmsystemis considered to be:

a. Coded.

b. Noncoded.

c. (dd fashioned.

d. Undesirable because it is not an approved installation.
Q-5 Paper tape recorders are often used wth:

a. Noncoded systens.

b. Small fire alarm systens.
C The fan shutdown feature.
d Coded systens.

Q-6 The trend in operating voltage for nodern control unit circuitry,
initiating circuits, and indicating circuits is toward:

a. Low voltage AG
b. H gh voltage AC. ¢c. Low voltage DC. d. High voltage DC.
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Q-7 A building fire alarmcontrol unit typically does not contain:
a. Relays.
b. Initiating devices.
c. Termnals.
d. A power supply.
Q-8 Adrill switch in the control wunit:

a. Sounds the fire al arm audi bl e signal s.

b. Causes transm ssion of an alarmto base al arm headquarters. c.
Causes the building fans to shut down.

d. Causes fire doors to close.

@-9 Aarminitiating devices, such as the following, initiate the
el ectrical sequences which result in a fire alarm

Bell s and horns.

Fl ashing lights and sirens.
Heat and snoke detectors.
Chi nres and buzzers.

eoop

@-10 The coding contacts in a shunt noninterfering building system
initiating circuit are:

a. Normally open in a series circuit.
b. Normally closed in a series circuit. c. Normally open in a
parallel circuit. d. Normally closed in a parallel circuit.

@-11 A trouble condition is usually annunciated using a:

a. Flashing |ight.
b. Red or pink |ight.

o Bl ue or green |ight.

d Yel | ow or anber I|ight.

@-12 In a presignal alarmsystem when an al arm occurs:

a. Al general alarmsignals sound i medi ately.

b. No audi bl e signals sound.

c. Sone audi ble signals sound i medi ately and general al arm
signals may be activated by an authorized person.
Alarmsignals are only transmtted to base al arm headquarters.

>

Q- 13 bui | di ng al arm syst em power supply does not:
Convert the AC line voltage to | ow voltage AC
Rectify | ow voltage AC to produce | ow vol tage DC
Charge the system standby battery.

Directly power the building fans.

eoop
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@-14 The followng function is al nost never controlled by the building
fire alarm system

a Fire door closure.

b. Shutting down refrigerant conpressors.
C Fan shut down.

d Rel ease of fire extinguishing agent.

@-15 Automatic fire alarminitiating devices do not detect:

a. Baronetric pressure.
b. Heat.
c. Infrared radiation.
d. Snoke.

Q@-16 Detection of waterflow in a building automatic sprinkler system
a. Minly provides for building evacuati on.
b. Al ways causes a sprinkler supervisory signal.
c. Is intended to summon aid in fighting the fire.
d. Indicates that at |east two sprinklers are operating.

@-17 Sprinkler supervisory alarm

a. Initiating circuits never use an end-of-line resistor.
b. Initiating circuits are never normally closed |oop circuits.
c. Indicating devices are entirely different fromfire alarm

i ndi cati ng devi ces.
d. Systens continuously check the readi ness of automatic
sprinkl er systens.

@-18 Building alarm systens sonetines are connected to a renote signal
receiving station because:

a. It is desirable to informtrained personnel who are conpetent
to take necessary action.

b. The occupants of the building my be excited.

c. The building my not be occupied at the tine of the fire.

d. Al of the above.

@-19 A renote station type base al arm system

a. Is normally a coded system

b. Requires a pair of wires for each al arm signal.

c. Provides signaling fromnmunicipal type transmtters.
d. Does not use annunci ati on.

@-20 Central station type al arm systens:
a. Are widely used commercially for 24-hour alarm nonitoring.
b. Require a separate pair of wires for each transmtter

c. Are noncoded systens.
d. My have up to 1,000 transmtters on a single circuit.

@-21 One of the distinctive features of a radio call box system



a. Is the location of alarmtransmtters.

b. Is the fact that it is a noncoded system
c. Is the requirenment for conplete duplicate receivers,
d. Is the fact that a building alarmsystem can be connected to

actuate an alarmtransnmitter.
@-22 A multiplex base alarm system

a. |s noncoded.
b. Is simlar to a renpte station systemin the connection of
bui l di ng systens to the base system
Cc. Uses one circuit or comunication channel for many signals.
d. Is always a proprietary system

@-23 Automatic dialer type base systens:

a. Require wiring fromthe building systens that is exclusively
for al arm use.

b. My be the tape recorded nessage type or the digital coded
nessage type.

c. Never have a printer at the receiver.

d. Require a building occupant to dial the nunber of the
receiving equipnment, like a tel ephone call.

@-24 The followng is not a transmtter that can be used in a base
al arm syst em

a. A MCulloh coding nechani sm
b. A march-tinme codi ng nmechani sm
c A reversal signal relay.
d A digital dialer.

@-25 1In aradio call box system

a. The test signal may include a | ow battery or other trouble
signal. b. The receiving equipnent includes a radio receiver and
a signal
processor.
c. Atest signal is transmtted automatically each day from each
transmtter
d. Al of the above.

@-26 Miltiplex base alarm systemreceiving installations:

a. Have annunciation and al pha-nuneric displ ays.
b. Muist have duplicate sets of receivers.
c. Receive daily test signals fromevery transmtter
d. Only seldomare in contact wwth the individual building alarm
syst ens.

@-27 Renpte station receiver installations are usually characterized

a. A conplete |lack of power supplies.
b. A cathode ray tube for display of information.



Q- 28

Q- 29

Q- 30

@-31

Q- 32

Q- 33

Q- 34

c. A keyboard for entry of new information.
d. A receiver nodule for each transmtter

The McCul | oh tape register may record an alarm signal identified:

By hol es punched in a paper tape.

By detailed information on a 1/2-inch-w de tape.
By al pha-nuneric synbols on a tape.

Al'l of the above.

eoop

Power for driving a base alarmsystemtransmtter at a protected
building is frequently supplied by:

Li ne vol tage DC

A rechargeabl e battery.
Bot h of the above.

None of the above.

eoop

Generally, the small power supplies for alarm equi pnent at a
protected building are designed to provide:

a. At least 10 hours of standby operation with AC power off.
b. At least 2 hours of standby operation with AC power off.

c. At least 15 mnutes of standby operation with AC power off.
At least 4 hours of standby operation with AC power off.

Base al arm systens may provide the foll ow ng service(s):
a. Mnitoring of fire alarmsignals.

b. Mnitoring of fire trouble signals.
Monitoring of open or closed condition of sprinkler valves.

'd. Al of the above.

The feature in fire alarmsystens which warns of potential or
actual electrical problens is known as:

Si gnal nonitoring.

Spri nkl er supervi sion.
El ectrical supervision.
Troubl e.

> Qoo

class "A" supervised circuit has the capability to:

Only cause a "trouble" signal, if a fault occurs.

Cause a false alarm if a fault occurs.

Cause a trouble signal and continue operating, if a fault
ccurs. d. None of the above.

oooTp

A class "B" alarminitiating circuit has:

A continuous snmall supervisory current which is too lowto
energi ze the trouble or alarmrel ays.
b. No end-of-line device.
A continuous snall supervisory current which is adequate to
energi ze the trouble relay but not the alarmrel ay.
d. None of the above.



@-35 Most approved initiating devices:

a. Have normally closed contacts which open on al arm
b. Have normally open contacts which cause a short circuit on
alarm c. Have double sets of contacts, one pair for trouble and
one pair

for alarm
d. None of the above.

@-36 If an open fault occurs in a supervised circuit, the supervisory
current typically:

a. Drops to zero.

b. Increases, causing a false alarm

c. Remains constant, but the fault causes a trouble signal.
d. None of the above.

@-37 Atw wre reversal type renote signaling circuit:
a. Has the capability to continue operating with an open fault.
b. Signals an alarm by a reversing voltage but not current.
c. Signals an alarmby the transmtter causing a short circuit.
d. Is usually considered to be Cass "B."

@-38 Aclass "A" initiating or indicating circuit is typically:

a. Atwo-wire circuit.
b. A four-wire circuit.
c. Acircuit in which a few devices are pol ari zed.
d. None of the above.
@-39 Cdass "A" renote signaling circuits:
a. Are nost often the reversal signal type.
b. Are usually not used with coded base al arm systens.
c. Oten nake use of earth ground as an el ectrical conductor.
d. None of the above.
Q@-40 A series indicating circuit is usually:

a. Associated with AC powered indicating devices.
b. Associated with an AC-powered control unit.

Cc. Protected fromexcessive current by a current limting
resistor. d. Al of the above.

CHAPTER 3.
| NSPECTI ON, TESTI NG AND NMAI NTENANCE OF FI RE ALARM SYSTEMS
3.1 GENERAL MAI NTENANCE. General nmaintenance procedures include
periodic testing and troubl eshooting, cleaning, repair, and repl acenent.
| f possible, it is inportant to have all manufacturer’s literature

avai l abl e for each piece of equipnent and conponent in use.

When a conponent or device needs to be repaired or replaced, check
wi th the manufacturer’s custonmer service departnent for repair



i nstructions or packing and shipping instructions. Wen contacting the
manuf acturer, be prepared to give all pertinent information avail able
regardi ng equi prent nodel nunber, serial nunber, and the part nunbers of
any needed replacenent parts. For nost efficient maintenance and

t roubl eshooting, conbine tests with regular inspections. A sunmary of
test frequencies for alarm system equi pnent is included in Table 3-1.
NFPA 72H, "Cuide for Testing Procedures for Local, Auxiliary, Renote
Station and Proprietary Protection Signalling Systens" (1984) should al so
be consul ted.

When perform ng tests which cause soundi ng of audi ble and/or visual
signals, schedule the tests so as not to cause disruption of nornma
activities unless the tests are coordinated with regular drills. Any
tests should be coordinated wth the individual in charge of the
facility.

3.2 MAI NTENANCE REFERENCE MATERI ALS. Because of the variations in
equi prent from manufacturer to manufacturer and the numerous types of
circuits and devices in use, it is inportant to have the follow ng
reference materials avail able to personnel responsible for servicing:

0 Wring and Equi prent Schematic Di agrans. Conplete, accurate
Wi ring
di agrans of each type of device in use, of each circuit as
install ed, and equi pnment schematic di agrans.

o] Manuf acturer’s Data Sheets. The descriptive information in
manuf acturer’s data sheets on all equipnent in use and
manuf acturer’s instructions for any special testing and
mai nt enance.

o] System Revision Information. Information on all extensions or
nodi fications to existing fire alarm systens.
o] Tags. ldentification of wires renoved fromtermnals during
repair
or testing to insure accurate reconnection. |nproperly

connected wires may make a fire alarmdevice or circuit
ineffective or may actual ly danmage equi pnent.

o] | nspection Record Card. Record date of inspection, inspector’s
nane, renmarks, etc. for each piece of equipnent.

[retrieve Table 3-1. Sunmmary of Inspection and Test Frequencies for
Al arm Syst ens]

3.3 MAI NTENANCE OF COMMON COMPONENTS. I n general, detectors are
returned to the manufacturer as a conpl ete package for repair. However,
control units and annunci ators are |large and interconnected with a nunber
of other system conponents. There should be sone attenpt at |ocal repair
before shipping the total unit to the manufacturer. Sonme conponents are
used in many types of equipnent, including fire detectors, control units,
and annunci ation units. The follow ng types of conponents can be



repl aced, adjusted, or repaired: Relays, Resistors, Capacitors, Diodes,
Transforners, Fuses/Crcuit Breakers, Control Panel Sw tches, Mdtors,
Lanps/ Vi sual Indicators, Wring, Mters.

3.3.1 Relays. There is no routine maintenance required for relays;
mai nt enance shoul d be in response to a synptom or suspected mal functi on.
Rel ay adjustnent is a specialized skill and requires sone special tools
and instrunments. The safest relay nmaintenance is direct replacenent with
an identical relay. Keep a spare relay of each type on hand and return
any relays with known defects to the equi prent nmanufacturer for
recondi tioning. Relay contact cleaning requires a contact burnishing
tool. Cean contacts carefully to avoid renoving precious netal plating
on the contact surface. Move the burnishing tool against the contact
surfaces in the direction of the normal w ping action of the contacts.

Rel ay tests may help determine if the relay is the source of the
problem Measuring coil resistance wth an ohmreter will tell if there
is a broken wire to the coil or a burned out coil (no continuity,
infinite resistance). Normal coil resistance varies from about 50 ohns
for heavier duty relays to about 20,000 ohns for very sensitive relays,
Some relays are constructed so the defective coil can be renoved and
replaced with a new coil. The type or catal og nunber of the relay should
indicate the coil resistance so the proper replacenent can be obtai ned
from the equi pnment manufacturer

Repl acing a coil wusually involves renoving the relay cover, renoving
one or nore screws to renove the old coil, unsoldering coil connections,
and nechanically renoving the coil. Installing the new coil is the
reverse. Readjustnent of the relay operating points to the equi pnent
manuf acturer’s specifications is usually necessary because of the
mechani cal di sassenbly and reassenbly required and the possible m nor
change in coil resistance.

An ohmet er check for continuity between the relay franme and either
coil termnal, using a sensitive resistance scale (x 10,000 or higher),
is a partial check to tell if insulation between the relay coil and the
relay franme has broken down. A reading of continuity (any readi ng other
than infinity) indicates an abnormal condition. Reinsulate any spot that
shows signs of arcing between the coil and the frame and recheck for
continuity. The ohmeter check does not simulate operating conditions and
shoul d be considered only a partial check. The ohmeter may indicate no
i nsul ati on breakdown when there is a definite breakdown at the higher
vol t ages reached during al arm system operati on.

A continuity check of relay contacts can indicate if contacts
transfer when the relay is alternately energi zed and deenergi zed. The
ohmet er shoul d be connected to the common termnal of the relay contacts
(usually marked C) and the normally closed term nal (usually marked NC)
with the relay deenergi zed. The resistance neasured should be very
nearly zero or a fraction of an ohm maxi rum on a x1 resistance scal e.
Also with the relay deenergized, the resistance neasured between comon
and normal ly open (usually marked NO should be infinite.

If the contact resistance al so can be neasured with the relay
energi zed (normal coil voltage applied), the above readi ngs should be
reversed, i.e., common to normally closed should be infinite and common
to normally open should be zero or a fraction of an ohm maximm |If you
do not get proper readings, inspect the contacts for dirt, corrosion, or
ot her causes of poor contact. Qobvious contam nation can be renoved by
inserting a piece of thin cardboard or heavy paper between the contacts,



pressing the contacts together, and pulling the cardboard or paper out.
Recheck contact resistance. |[|f the cleaning was unsuccessful, repeat the
process or send the relay to the equi pnent manufacturer for
reconditioning. Contacts nmay al so be cleaned with a burnishing tool, but
this nmust be done carefully to avoid renoving the precious netal plating
used on sonme contacts. Adjusting contact pressure requires a sensitive
contact pressure gauge and special blade bending tools, or smaller
wrenches or screwdrivers. Do not try to adjust contact pressure w thout
sone training. Also, be sure to have the equi pnent manufacturer’s rel ay
specifications. Contact pressure should never be |ess than about 6
grans, neasured with a contact pressure gauge.

Seal ed rel ays cannot be cl eaned, adjusted, and repaired, although
continuity checks can be nmade to see if there is a defect in the relay
that requires returning the relay to the equi pment manufacturer for
repair.

3.3.2 Resistors. No periodic nmaintenance is required for
resistors. Wen a problem arises, a visual inspection for physical damage
may tell if a resistor is defective. Exanples of physical damage are
cracked and di scol ored resistor bodies, broken connections to circuit
term nals, and broken resistor wires on adjustable w rewound resistors.
Cracked resistors and broken connections can be caused by physical bl ows.
Di scoloration along with cracking of a resistor body may be caused by
excessive current through the resistor and the resulting heat.
Overheating a carbon resistor changes its resistance val ue permanently.
Dependi ng on the precision required in the application, it may be
necessary to replace the resistor.

Wrewound resistors are frequently still functional after physical
or electrical abuse. However, adjustable wi rewound resistors with a
broken resistance wire in the area where wire segnents are exposed for
contact with the adjustable sliding band will not function properly. The
exposed wires may be broken when attenpting to adjust the resistance
W thout relaxing the contact pressure of the sliding band first. These
wires wll not accept conventional solder at normal sol dering
tenperatures; the resistor should be replaced. Also, adjustable
resistors do not operate properly if the sliding band is not tightened
firmy after final adjustnent.

Open construction rheostats and potentioneters can oxidi ze or
accunul ate dust on contact surfaces. For positive electrical contact,
keep contact areas clean. Cean only if there is a problemdue to poor
contact of the contact arm Frequently, noving the contact arm back and
forth across the supposed poor contact area should restore good
el ectrical contact. |If this does not work, apply a mld solvent, such as
al cohol or trichloroethylene, with a clean cloth and nove contact arm
back and forth. When cleaning, first note the original adjustnent so
that it can later be reestablished. D sconnect power before cleaning to
avoi d el ectrical shock or possible burns.

3.3.3 Capacitors. Electrolytic capacitors are often used in the
power supply section of | ow voltage DC control units and el ectronic snoke
and fire detectors. They have a limted life and their failure can
account for



i nadequate voltage quality to electronic fire detectors fromthe main

al arm syst em power supply. O her capacitor problens depend on the type
of system Capacitors are available in a wide range of quality. Low
voltage quality and high tenperature are causes of shortened capacitor
life. Sonme capacitor tests can be made with an ohmeter, a DC voltneter,
or an ammeter in series with a battery or other DC voltage source (Figure
3-1). It is only necessary to disconnect one end of the capacitor from
its circuit to test it.

Al'l the capacitors normally found in an alarm system can be tested
the sanme way, but the results are nore reliable and easier to interpret
wi th larger values of capacitance. When testing electrolytic capacitors,
be sure that the test arrangenent applies voltage to the test capacitor
with the polarity indicated on the capacitor; for nonpolarized
capacitors, polarity is not inportant. |If an ohnmeter, or a resistance
scale of a multinmeter is used, the termnal marked "+" or "positive" on
the test nmeter may actually be negative on the resistance ranges. Check
the neter output polarity with a second neter, using a voltneter range on
the second neter. Once polarity has been determ ned, the test consists
of connecting the ohnmreter, or conbination of DC source with voltneter or
ammeter across the capacitor termnals while watching the neter
i ndi cating needl e deflect. For a good capacitor, the needle wll deflect
and return to its original position. Larger values of capacitance cause
the needle to return sl ower.

Open capacitors (those with an internal broken or |oose connection)
cause no deflection of the needle. To distinguish open capacitors from
smal | value capacitors, it may be necessary to use the x 10,000 ohns
resi stance scale (use a |l ow voltage scale, 2.5 volts or a | ow current
scale, 1 mllianpere or less, on the alternate test arrangenent).

Leaky capacitors (those which have a partial short internally) cause
the needle to not return fully to the original reading. Sone |eaky
el ectrolytic capacitors can be "fornmed". The |eakage current can be
gradual |y reduced to an acceptabl e val ue by applying approximately the
capacitor’s rated DC voltage in the proper polarity. The di agram of
Figure 3-1 can be used for formng, using a DC source approxi mately equal
to the capacitor’s rated voltage and the neter set to a sensitive current
scale. As the capacitor fornms and | eakage current reduces, it may be
necessary to switch to a mcroanpere scale to see any further decrease in
| eakage current. \Wen | eakage has been reduced to approximtely 1
m croanpere or less, the capacitor is fornmed and usable. Replacenent
capacitors whi ch have been unpowered for a long tinme nmay need to be
formed. In equipnent, electrolytic capacitors form by applying norna
equi pnent power for a warnup period of about 1/2 hour.

3.3.4 Diodes. D odes are solid state devices used chiefly as
rectifiers, converting alternating current (AC) to direct current (DC).
Di odes are used in alarm system power supplies and for charging circuits
for batteries. A typical charging circuit which uses a diode bridge or
full wave bridge is shown in Figure 3-2

To test or check the diodes in such a circuit, disconnect the AC
power and at | east one side of the battery. |f possible, disconnect the
di odes fromthe circuit to check themindividually. Mke continuity
checks with an ohmeter (or a resistance scale of a nultinmeter) or with a



DC voltneter in series with a DC power source. Good diodes allow current
flowin one

direction and not in the other. Thus a check of individual diodes wll
show | ow resistance in one direction and infinite resistance in the other
direction when checked with an ohmeter. Use a |ow resistance scale (x1,
x10, or x100) for checking the |ow resistance and a high resistance scale
(x10, 000 or x100,000) for checking the high resistance direction. In
addition to checking a diode’s forward and reverse resistance, conpare
the diode with others of its type, using the sanme neter and scal e
settings. Bad diodes can show infinite resistance in both directions
(open diode) or low resistance in both directions (shorted diode).
Cccasionally a diode will exhibit characteristics which nay appear
normal , but which are quite different fromothers of its type. Bad

di odes and di odes wi th nonstandard characteristics should be replaced.

[retrieve Figure 3-1. Capacitor Checking Mt hod]

Di odes in a diode bridge may be packaged so disassenbly is
inpractical. In this case, in the circuit of Figure 3-2, disconnect one
side of the transformer secondary winding to elimnate the resistance of
the transformer w nding shunting the di ode bridge and di sconnect one end
of capacitor F. The capacitor may be | eaky or polarized so as to affect
readi ngs, since diode checks are nmade with voltage of both polarities.

Checking continuity fromB to Dwith B connected to the positive
term nal of the test arrangenent shows infinite resistance if all diodes
are good. If sone continuity does exist (measurable resistance | ess than
infinity), it can be caused by at |east two shorted diodes in the diode
bri dge, both on the sane side (right or,left in the diagram. See the
table in Figure 3-2 for proper resistance readings while checking
resi stance between pairs of points in the diode bridge. |In general, |ow
readi ngs where infinity readings are shown in the table indicate that
there are one or nore shorted diodes in the bridge. Hgh or infinite
readi ngs where | ow readings are shown in the table indicate that there
are one or nore open diodes in the bridge. Wen a diode bridge cannot be
di sassenbl ed and one or nore diodes are defective, replace the bridge.

3.3.5 Transfornmers. The power supply of low voltage fire alarm
control units contains a stepdown transformer to convert the incom ng
line voltage to a | ower AC voltage (usually 24 or 12 VAC). A typica
power supply schematic diagramis shown in Figure 2-9. Line voltage
control units also frequently contain a stepdown transfornmer so | ower
voltage rated internal conmponents and external sounding devices can be
used.

Vi sual inspection for discoloration of insulation caused by
over |l oadi ng and consequent overheating of the transforner is the only
routi ne mai ntenance appropriate for the transforner. Wen operated
within their rated power range, transforners should be cool enough to
all ow you to rest your hand on the transfornmer. |If the transformer is
too hot or there are other signs of equi pnent mal function, check for
voltage, current, short circuits, and foreign grounds on the circuit
wiring and for short circuits or defective conponents in the control
unit. Look at the control unit manufacturer’s schematic di agrans and
servicing instructions to do this properly.



The transfornmer may have no AC output voltage with normal input
vol tage applied and stay cool. This normally means the transforner has
al ready been burned out. Make voltage neasurenents at the transforner
termnals with no intervening fuses or other conponents which, if
defective, could affect the neter readings. Discolored transforner
i nsul ation, burned out fuses, short circuits, and/or other defective
conponents in the control unit are signs that the transformer is burned
out .

A frequent result of a transformer burning out is an open primary
wi nding of the transfornmer. During a heavy current demand, the primary
wi nding of the transformer increases in tenperature, causing the wire to
melt and separate, stopping the flow of current and opening the primary
circuit. Wre can also nelt in the secondary wi nding, but in a stepdown
transforner, the secondary winding is nmade of heavier gauge wire to
better dissipate excess heat. Normal ohmmeter readings for a stepdown
transfornmer m ght be several hundred ohns for the primary (high voltage)
wi nding and a few tens of ohns for the secondary (|l ow voltage) w nding.
There should be no continuity (infinite resistance) between either
primary term nal and either secondary term nal

After the transfornmer is renoved fromthe circuit, it can be checked
with an ohmmeter. A burned out or short circuited transforner should be
repl aced. Contact the manufacturer of the control unit for the
repl acenent transfornmer so that the nmounting and connecting provisions,
and voltage and wattage ratings, wll be proper.

[retrieve Figure 3-2. Diode Bridge Charging G rcuit and Resi stance
Checki ng Met hod]

3.3.6 Fuses/Circuit Breakers. Fuses and circuit breakers require
no routine maintenance in a properly designed and installed alarm system
When abnormal conditions cause a |oss in power to equi pnent, or when
probl ens invol ve the power source, check the fuses, fuse holders, and/or
circuit breakers and their term nation points. Power problens are
i ndi cated when pilot lights are out and audi bl e devices do not sound
during tests. First check the continuity of fuses and the
tripped/untripped indicator on circuit breakers. Wether status is
visually indicated or not, circuit breakers can be reset by operating
themto the off position and back on. Keep a supply of spare fuses of
each current rating and type on hand.

3.3.6.1 Fuses. Use a table for cross referencing to other
manuf acturer’s equi val ent types for fuse replacenent if the exact
manuf acturer’s type cannot be matched. Repeated bl ow ng of fuses
i ndi cates a probl em exists which should be corrected. DO NOT REPLACE A
FUSE WTH A H GHER CURRENT RATI NG FUSE, EVEN AS A TEMPORARY MEASURE.
Danmage to ot her conponents, excessive heating and, possibly, fire can
result.

Fuse bodies may be gl ass, fiber, or ceramc. The fuse elenent nelts
when overl oaded with excessive current. The fuse elenent can be checked
visually with glass fuses, but fuses that have a nontransparent body nust
be checked for continuity with an ohmeter or by putting in a replacenent
fuse. For fuses showi ng no continuity (having infinite resistance),
replace themw th fuses with the same physical di nensions, current
rating, and speed of burn-out. Slow blow fuses can be used when a few



seconds of high current, perhaps double the normal current or greater,

wi |l not damage the protected equi pnent. Normal speed fuses burn out in
an hour or less with a current overload of 35% Dependi ng on the exact
type, fast-acting fuses burn out in 1 second or a fraction of a second
with slight current overloads. Fast-acting fuses are used to protect
solid state equi pment which cannot tolerate even short duration excessive
current wi thout damage to conponents.

To check tubular fuses nounted in spring clips, use a proper size
fuse puller to renove and reinsert the fuse. Oher tools (such as a
screwdriver) can cause electrical shock, injury, or electrical and
physi cal danmage to the equipnment. Wth the fuse puller, check the spring
clip tension by pulling straight out on the fuse near each end to see if
the fuse is held firmy by its holder. A loose fitting fuse hol der can
result in heating of the fuse due to the resistance created by the poor
connection. The added heating can cause the fuse to blow at a | ower
current than its rating. |If the spring clip is not holding the fuse
firmy, turn off power at the main disconnect, renove the fuse, and bend
the fuse holder sides inward slightly with pliers until the clip holds
the fuse firmy. Fuses should be pulled annually to verify the rating of
t he fuse

3.3.6.2 Circuit Breakers. Mst circuit breakers are encl osed
nodul ar assenblies and spare parts are generally difficult to obtain. |If
defective, it is usually sinpler to replace the entire circuit breaker as
a unit. A defective circuit breaker usually fails in the safe direction.
It opens the power circuit at a lower current than its rating rather than
a higher current. |[If a circuit breaker requires frequent resetting and
no circuit fault can be found to account for the problem neasure the
current flow through the circuit breaker under the conditions which cause
the circuit breaker to actuate. |If this current is well below the rating
of the circuit breaker, the circuit breaker is defective and shoul d be
repl aced.

Good wiring connections at termnals for fuse holders and circuit
breakers are very inportant. These connections carry larger currents
than other term nation points. Poor connections can result in discharged
or danmaged batteries and intermttent operation of the equipnent. Screw
type connections should be snug, but not so tight to cut into the wire to
t he point of weakening the wire. Be careful when di sconnecting and
reconnecting wires. Do not cut into the conductor when stripping off
insul ation, especially with the smaller wire sizes. |If termnal screws
have been overtightened and cut into a conductor, cut off the danmaged end
and carefully strip the insulation fromthe new end with wire strippers
adjusted to the wire size being used. Formthe newend to fit the
termnal screwwth a pair of |ong-nosed pliers.

3.3.7 Control Panel Switches. Control panel swtches are pernmanent
assenblies, not intended to be repaired or maintained. During routine
testing, operate all switches to wi pe off contact oxidation and test for
proper function. Make arrangenents with building personnel and the fire
departnent, if necessary, before operating the bell test, drill, and fire
departnent di sconnect switches. |If a switch does not function properly,
replace it with an equivalent switch. Take special care when repl acing
| ow voltage, low current DC swtches to be sure that the repl acenent
switch is rated for dry circuit application.



3.3.8 Modtors. Mtors are used in alarmequipnent to drive coding
devi ces, paper tape recorder mechani snms, sone types of audible
appl i ances, and as timng devices in the tinme/date stanp on paper tape
alarmrecorders. For all notor replacenent, check any gears or geartrain
driven by the notor for binding, excessive wear, and proper |ubrication.
In timng applications, clean and reoil gears wth watch oil whenever
they are accessible for service.

3.3.8.1 Spring Motors. Many ol der coding devices are the
springwound escapenent type which have their tripping adjustnents factory
set. They should not require readjustnment. These devices shoul d be
sparingly lubricated with watch oil about every 5 years. C ean any rust
spots and oil the blue steel clock spring wwth watch oil at the sane
tine.

Be careful when working on clock springs to avoid personal injury.
Run the mechanismuntil the spring is run down, check any speed governor
wei ghts for firmnounting, and tighten set screws for any | oose weights.
Check nmechani smfunction and restore it to its nornmal position before
final winding of the spring. |In case of mechani cal damage to an
escapenent nechanism return the nmechanism carefully packaged, to the
manuf acturer for repair and adjustnent.

3.3.8.2 DC Motors. Mre recently manufactured codi ng devices
and paper tape recorders are frequently driven with small permanent
magnet DC nmotors. |If the notor does not operate or its speed is erratic
and neasurenment with a voltneter at the notor termnals indicates that
stable voltage is being supplied to the notor, usually the notor brushes
nmust be repl aced.

The foll ow ng describes brush replacenent for one notor type
frequently used in al arm equi pment.
o] obtain the necessary tools for brush replacenent--a pair of
nonmagneti c tweezers (stainless steel, brass, etc.) and a
jewel ers screwdriver

o] Renove the plastic or thin sheet netal cover which protects the
brush hol der and commut at or assenbly by unscrew ng the smnal
cover screws. The cover may al so be stuck in place with
varni sh or other sealant. Use the screwdriver to break the
cover | oose fromthe notor housing.

o] Renove the brushes. They are about the size of a short piece
of

pencil lead. Handle themw th tweezers. The two brush hol ders
are dielectric tubes, slotted at the outer end to allow the
(straight spring wire) contact springs to hold the brushes in
place. Lift the springs gently, only enough to nove them out
of their slots, and shake the old brushes out of the hol der
onto a piece of paper on a flat surface.

o] Check sizes of new brushes. Conpare the length of an old brush
with the length of a new brush. |[If the old brushes caused the
not or mal function, they should be worn down 1/32 inch or nore,
conpared to the new brush | ength.



0 Put in the new brushes. Bl ow t he dust out of the brush hol ders

and
drop the new brushes in.
o] Reposition the contact springs in the brush hol der slots.
o] Test notor operation. |If the notor does not operate with
nor mal
vol tage applied, lift the contact springs slightly and all ow

themto snap back. This will drive the brushes into position
in case sonething prevented free novenent of the brushes into
contact with the commutator. This should cause the notor to

oper at e.
o] Repl ace the cover. Return the cover to its original position,
taking care not to pinch any wires. Insert the cover screws

and tighten themw th the jewelers screwdriver. Do not
overtighten the screws.

If a DC notor nust be replaced, first mark the termnal polarity, before
di sconnecting wires, to be sure the new notor is installed right.

3.3.8.3 AC/DC Hi gh Speed Mdtors. Small universal AC/ DC high
speed notors, which have brushes and commutators, are frequently used to
power sirens and vibrating horns. |If one siren or horn fails while
others in the sane circuit work, the notor brushes and commut at or
probably require
service. The brushes nmust be replaced and the conmutator nay have to be
turned down on a lathe to elimnate | ow points caused by arcing.

3.3.8.4 Synchronous AC Mdtors. Synchronous AC notors,
frequently used in the tinme/date stanp of paper tape recorders, have no
brushes or commutators. Bearings are generally lubricated for the life
of the nmotor. if the notor fails, it nust be replaced. Replacenent
i nvol ves renoving two to four nounting screws and unsol dering, or
ot herwi se di sconnecting, the two notor power W res.

3.3.9 Lanps/Visual Indicators. Fire alarmsystem|anps and vi sual
indicators are either incandescent, tungsten filanent |anps, or |ight
emtting diodes (LEDs). Filanment |anps have been used for many years;
LEDs have only been used for al arm equi pnent since the early 1970s. In
sone cases, neon |anps may al so be used.

3.3.9.1 Filanent Lanps and LEDs. The |anps and LEDs used in
al arm equi pnment are usually rated for a higher voltage or current than
supplied. The light output is less than the rated value, but the life of
the lanp or LED is greatly extended. |In general, replacenent of LEDs is
required | ess often than replacenent of |anps. Equipnent with severa
| anps or LEDs usually has a |lanp test feature. By pressing a nonentary
switch, all the good |lanps light; bad | anps can be detected. |If there is
no lanp test feature or to confirmthe lanp test results, both
i ncandescent | anps and LEDs can be checked with an ohmmeter.

Renove the colored plastic or glass lens if there is one. Check the
manuf acturer’s instructions to avoid | ens danage. Sone gl ass and nost
plastic lenses are renoved by pulling straight out with the fingers.
Some gl ass | enses are renoved by unscrewi ng themin a countercl ockw se



direction. To renove | anps, use a |anp renoval tool available fromthe

| anmp supplier or one made by cutting off a 1- to 2-inch piece of

el ectrical insulating tubing ("spaghetti™) which fits snugly over the

| anmp. Most smaller lanps pull straight out. Do not renmpove |lanps with a
pair of |ong-nosed pliers or you will cause a shattered gl ass envel ope or
a marred plastic lens to the LED

Make ohmmet er checks of incandescent |anps on the x1 or x10
resi stance scale. The neasurenent between the two |anp termnals or
between the single termnal and the base should be a few hundred ohns or
less. If the lanp filanent is burned out, the resistance reading wll be
infinite. An ohmeter check of an LED will show infinite resistance in
one direction and 10 to 500 ohns in the other direction, depending on the
nmet er scale used. (The x10 or x100 scal es are probably best for this
check.)

3.3.9.2 Neon Lanps. Neon |anps, sonetinmes used as AC power
pil ot |anps, cannot be checked at the | ow voltages produced by an
ohmeter. |If a neon | anp does not glow, neasure the voltage across the
termnals to see if the lanp is receiving voltage (usually 120 VAC). |If
it is, replace the
| amp. Frequently, neon | anps have a bayonet type base which requires
that you press in on the lanp, rotate it countercl ockw se about one
quarter of a turn, and pull out to renove the lanp. The lens that covers
a neon |l anp may be a permanent part of a |lanp and socket assenbly. If it
is not, unscrew the cover counterclockw se to renove.

3.3.9.3 Total Assenbly Lanps. Sone pilot |anp assenblies nust
be entirely replaced if the lanp fails. These |anps nmay have a self-
| ocking feature, so that when the assenbly is installed, it is only
necessary to press it into a snug fitting hole in a netal panel. Wen in
position, the

t he base snaps into place. To renove, go to the back of the | anp and
conpress the |l ocking tabs with | ong-nosed pliers and push the total
assenbly out fromthe back of the panel.

Sonme total assenbly lanps are held in place by a sheet nmetal spring
clip, called a "Tinnerman nut." During installation, the |lanp assenbly is
inserted through a hole in the panel and the spring clip is pushed onto
the | anp assenbly fromthe back of the panel until the lanp is held
firmy in place. Renoval is very difficult and may destroy the spring
clip. If there is adequate free access to the back of the panel, it may
be possible to pry first one side and then the other side of the spring
clip away fromthe back of the panel with a thin screwdriver until the

| anp can be renoved fromthe panel. For final renoval, the wires nust be
di sconnected. |If the spring clip has been destroyed when renoving the
old lanp, replace it with a new one. |In catalogs, the spring clip would

probably be categorized as hardware and |isted as a "Tinnerman nut." To
be sure you have the proper size, neasure the dianeter of the |anp base
at the point just behind the panel.

3.3.9.4 Lanmp Sockets. If there is a panel Iight problem and
the lanp is good, the problemnmay be in the | anp socket, especially if
there is a rechargeable battery and a charging circuit in the sane
cabinet as the lanp. The battery charging funmes nmay cause sone corrosion



or oxidation to formon the contact surfaces in the lanp socket. [If the
battery is a lead/acid type, wi pe out the inside of the socket with the
end of a paper towel slightly noistened with a mld solution made of a
t easpoonful of baking soda in a cup of warmtap water. |If the battery is
ni ckel /cadm um use a mld solution made of a teaspoonful of vinegar in a
cup of tap water.

A lanmp should fit snugly into its base or socket. Disconnect AC and

DC power to the panel before touching sockets. If a lanp is |oose, check
for distorted nmetal parts inside the |anp socket. Restore netal parts in
a socket to their original condition with tweezers or small |ong-nosed

pliers. If necessary, conpare the defective socket with a known good
socket .

3.3.10 Wring. |If original installation was nmade properly, little
mai nt enance should be required for the wiring between fire alarm control
units and the various devices connected to them During installation,
excess tension used in pulling cables in conduit can cut the outer jacket
of the cable and break individual conductors. Cuts in the cable jacket
may allow noisture into the cable and cause a partial short circuit
bet ween conductors if their insulation is also danaged. Such wring
faul ts cause nore serious operating problens on higher voltage systens.
It is sonetinmes necessary to replace a whole section of cable, rather
than take the time to try and |locate a fault.

After initial installation, the nost frequent wiring problens occur
at the wire termnations in the control units, at the initiating devices,
and at the indicating devices. These are the points where wires are nost
frequently disconnected for tests or replacing defective equi pnent and
the wires are damaged in reconnecting to the term nals.

Screw term nal connections should be snug, but not so tight that they
cut intothe wire. Sonetines it is best to cut off a danaged end and
carefully strip the insulation fromthe new end, with wre strippers of
t he proper size or adjustment for the wire size being used. |If a solid
conductor is cut into by the strippers, even slightly, a future break may
occur. Future breaks can al so occur due to vibration or flexing of the
wire at a weakened point.

When replacing a section of wire or cable, the old wre or cable can
be used as a "puller.” Mechanically connect the old section to the new
as firmy and neatly as possible and tape the connection for snoothness
so that, when pulling the old section out and the new section into the
conduit, the lunp formed by the connection will not get caught in the
conduit. Be sure loops or tangles do not formas the new section is
pulled into the conduit.

3.3.11 Meters. Meters often are used to indicate supply voltage
and charging current for rechargeable batteries. |In general, they are
not high precision nmeters, so they are only serviced for obvious
mal function, such as sticking at a constant reading.

To check neters, use a reasonably accurate separate test neter with a
scale simlar to that of the nmeter being checked. The test neter is
called the "standard nmeter” in the remainder of this section. Before
connecting the standard neter, be sure the scale is adequate for the
voltage or current to be used in the test. |If a nultineter is used as
the standard neter, check the AC or DC and current or voltage scale
sel ections. An exanple of judging the adequacy of a scale for the
pur pose follows: To check a DC voltnmeter with a 0- to 30-volt scal e being
used to read a normal voltage of 24 to 25 volts, if you use a nultineter
with 10- and 50-VDC scal es as the standard neter, the 50-VDC scale is



adequate; the 10-volt scale is not. Both the standard neter and the
tested neter are subjected to the normal 24 to 25 volts, which is off
scale for a 10-volt scale, allowi ng no direct conparison

To check the voltage, connect the standard neter to the sane
termnals as the neter being checked. It should not be necessary to
di sconnect any existing wres. The normal voltage should appear on both
meter scales. Turn off the AC power to the power supply. |If there are
no standby batteries, both neter readings should drop to zero. |If there
are standby batteries, the D eter readings should drop only slightly
initially and continue to drop very slowy as the batteries discharge.
There should be a fuse in one of the main battery output conductors.
Renmovi ng the fuse should cause the neters to drop to zero.

The characteristics to be observed during checking are:

o] Qostruction of Meter Deflection.
The neter should read snmoothly. There should be no hangi ng-up,
even nonentarily, at a reading different fromthe standard
nmet er readi ng.

0 Accur acy.
Check the approxi mate accuracy of the neter being checked, in
conparison to the standard neter, at the zero and nornma
readi ngs at | east.
If the O-volt readings do not match, both O-volt readings
shoul d be adjusted to exactly zero, while tapping the neter
face to renove friction effects. Usually a small adjuster for
zero adjustnent, which can be operated with a snal
screwdriver, is located at the pivot point for the neter
needl e. Make this adjustnent before

conparing higher scale readings. At a reading near full scale
for the tested neter, its reading should be within ’'10% of the
standard nmeter reading. For exanple, at a standard neter
reading of 25 volts, the tested neter should read in the range
22.5 to 27.5 volts.

o Friction.

Look for excessive friction in the neter being checked. |If,
for instance, when the voltage on the standard neter drops to
zero, the voltage indication on the neter being checked drops
only to 5 or 10 volts, and then drops to zero when the neter
face is tapped, it indicates excessive friction in the neter
pivots. Look for changes in a neter readi ng when tapping the
meter with a finger.

To make the neters deflect for a friction test, disconnect AC
power. Renove and replace a battery fuse to cause the neters
to drop to zero and then return to their normal reading. Be

sure to restore AC power and the fuse at the end of the test.

If a nmeter has one or nore defects, return it to the equi pnment
manuf acturer for repair or replacenent.

If there is only one neter on a battery charger panel, it is usually
an ameter used to indicate charge or discharge rate of the standby



battery. An amreter on a power supply panel indicates current being
drawn fromthe power supply. Ameters for battery chargers are
frequently zero-centered neters which deflect in both the plus and m nus
directions, indicating whether the battery is discharging or being
charged and how great that current is.

Check the sane characteristics for ameters as for voltnmeters, but
the nethod of connecting the standard neter to the circuit is different.
For conparison of readings, the sanme current nust flow through the
standard ameter and the ammeter being checked (Figure 3-3). Break the
exi sting amreter circuit and insert the standard neter in series,
observing polarity, after first making sure that the scale of the
standard ammeter is adequate.

The standard ammeter nmay be inserted into the circuit by connecting
its two termnals to the fuse term nals and then di sconnecting the fuse
fromthe circuit. Keep in mnd that the neter and neter fuse, if any,
are now the only overcurrent protection for the test. Conpare the two
ameters for negative deflection by disconnecting AC power while the
standby battery powers the alarmsystem Reverse the standard neter
connections for an accuracy check of negative deflections, if the
standard neter is not also zero-centered. |If the battery partial
di scharge is continued for an hour or two, restoration of AC power w ||
cause a positive deflection of the two ammeter needles to allow a
conparison for that part of the neter scales.

3.4 TYPI CAL MAI NTENANCE CHARACTERI STI CS OF CERTAI N EQUI PMENT.  Equi pnent
mai nt enance i ncl udes sonme nai ntenance of conponents plus mai ntenance of
t he equi pnment as a conplete assenbly.

3.4.1 Building Alarm Systens. Building alarmsystens require
mai nt enance for the control and auxiliary units, alarmsignal initiating
devi ces, and al armindi cating devices.

[retrieve Figure 3-3. Ammeter Checki ng Met hod]

3.4.1.1 Line voltage Control Unit. Line voltage control units
are probably the | east conplex of the control unit types and probably the
nost dangerous for the maintenance person because of the electrical shock
hazard. Even if the operating voltage is only 120 VAC for the fire alarm
function, the separate power circuit usually provided for the trouble
function may be froma different phase of the AC source, resulting in
vol tage between the two power circuits of nore than 200 VAC. The peak AC
voltage, which is also a neasure of the shock hazard, would be
approxi mately 300 volts--enough to cause injury or death if the termnals
are touched by hand or with uninsul ated tools.

The line voltage control unit typically contains nost of the conmon
conponents such as rel ays, resistors, diodes, transforners, fuses,
switches, lanps, and wiring. See Section 3.3 for maintenance information
for specific conponents. Testing of the conplete panel should be
performed according to the manufacturer’s instructions. Many |ine
vol tage powered control units have a current limting resistor and a
current cutoff device in the control unit, connected in series with the
audi bl e signal devices. The total resistance of the current limting
resistor and the current cutoff device is used to adjust the audible
signal circuit output voltage, under |oad, for the nunber of audible



si gnal devices actually used.

The cutoff device has two functions: (1) Wen the audi bl e signal
devi ces sound, the resistance portion of the cutoff device produces heat,
which in turn, heats a binetallic thernostatic elenent. The binetallic
strip

bends as its tenperature rises, and eventually it nechanically unl atches
an electrical contact connected in series with the audi bl e signaling
circuit. The audible signals stop sounding. The cutoff acts as a tiner.
(2) Wen one or nore audi ble signal devices are renoved from service and
the series circuit is restored wthout resistance adjustnent to
conpensate for the reduced nunber, the current through the cutoff device
and the total circuit is excessive. (A short circuit sonewhere in the
audi bl e signal circuit could al so cause excessive current.) Heating the
bimetallic strip occurs at a fast rate and the circuit,opens in a short

ti me, depending on the magnitude of the current. The higher the current,
the faster the current cutoff occurs. The cutoff device acts as a
circuit breaker. A periodic test of the audible signaling circuit checks
t he audi bl e signal devices, control unit contacts and cutoff device. For
test purposes, the audi bl e devices should be operated until automatic
cutoff occurs, if the control unit contains a cutoff. During the audible
devi ce operation, watch the cutoff device for arcing at the contacts and
for proper operation. |f cutoff does not occur within 2 to 15 m nutes,
the test should be discontinued and the cause investigated.

Cccasi onal visual inspection of the resistor and contacts and
contact cleaning are desirable. The visual inspection should include
| ooking for: (1) physical damage to the resistor body and connecting
wires due to excessive heat; and (2) deterioration of the contacts
because of hum d or corrosive atnosphere, excessive current, or inproper
contact pressure. Heavy current with | ow contact pressure can cause
arcing and excessive contact heating.

The part of the cutoff device nost vulnerable to pernmanent danage is
the resistor. |If the resistor body is cracked or broken, if |lead wres
are broken very close to the resistor body, or if the resistor shows no
continuity (has infinite resistance) when checked with an ohmeter, the
resistor nust be replaced. |If the cutoff device cannot be di sassenbl ed,
t he whol e device nust be replaced. The final measure of acceptability of
a conmponent is its proper function. Resistor body deformation or heating
until it glows is acceptable if normal function is retained.

3.4.1.2 Low Voltage Control Unit. The |ow voltage control
unit typically contains a rechargeable battery and battery charger,
possi bly housed in a separate cabinet. In sone cases the battery is
repl aced by a | ow vol tage power supply only. The operating circuits are
6 to 48 VDC powered, with nost being 12 to 24 VDG Recently manufactured
control units, suitable for mediumto |arge buildings, are alnost all 24
VDC power ed.

The conponents in | ow voltage control units, which may require
occasi onal replacenent or maintenance, are relays, resistors, capacitors,
di odes, transfornmers, fuses, switches, lanps or LED S, neters, and
wiring. In addition, a nodular control unit will have repl aceabl e nodul es
which plug into the main control unit assenbly. The nodules vary in
construction but usually contain solid state devices nounted on printed
circuit boards. Sonetinmes the nodul es are seal ed, but nore often they can
be di sassenbled for repair. Each nodule nmay represent one zone or a
group of zones or it may perform a nonzoned function such as one of the



f ol | owi ng:

o] Providing a tinme delay (such as shutting off bells after 15
m nut es)

o] Provi di ng output contacts for a renote auxiliary function (such

as
fan shut down)

o] Power transfer (fromcomercial power to standby power and
back)

o] Soundi ng a | ocal trouble buzzer

o] Control of audible signal devices

o] Providing a reverse polarity alarmoutput (for renote station

connecti on)

Use the manufacturer’s diagrans and servicing information to narrow
down any problens to a snmall area. |If a problemcan be isolated to one
of these nodules or if a problem appears to be related to a zone nodul e,
the nost inmmediate repair is to replace the nodule. |If the nodule is not

seal ed, inspect it for a condition such as an overheated resistor or
transi stor, a poorly soldered connection, a bent connector pin, or a

mal functioning relay. Repair or replace the parts, resolder the
connection, or straighten the connector pin. For other conditions, nore
difficult to analyze, replace the nodule. (Keep spares on hand.)

Any soldering that is perfornmed, especially in replacenent of solid
state devices on printed circuit boards, nust be performed with care and
in accordance with good commercial sol dering practice.

3.4.1.3 Coded Control Units. Coded control units for building
al arm systens code the audi ble alarnms using a spring notor or electric
not or driven code wheel to open and close switch contacts in the audible
signal circuit. The distinctive pattern of sounds produced identifies
the type of alarmor the type or location of the initiating device
causing the alarm

If the code identifies a |ocation (zone), the actuated initiating
device causes the alarmrelay for the zone to operate. The contacts of
the alarmrelay close, activating the coding notor for the zone. The
codi ng contacts actuated by the coding notor and wheel cause the coded
alarm A coded control unit has one or nore codi ng devices and one or
nore relays in addition to the conponents of a noncoded control unit.

To test coding nechanisns, sinulate an alarmin each coded zone when
normal activities in the building would not be disrupted. Alert the fire
departnment to the testing. Listen to the audible signal for each zone to
be sure that each coded signal is a clearly readable pattern. Al so check
that the coded signal is properly identified in the fire departnent
records. For coding contact problens, see the contact nmaintenance part
for relays (Section 3.3.1). For coding devices sealed in a nodul ar
assenbly, a malfunction requires nodul e repl acenent.

To replace a nodul ar codi ng nechani sm or "coder,"” unplug the nodul e
and plug in the replacenent. |[If it is an open construction type codi ng
mechani sm it may involve disconnecting (and tagging for future
reference) four or nore wires and renoving three or four nounting screws
before the nechanismcan be lifted out. Carefully pack the renoved



mechani smand return it to the manufacturer for repair.

To install the replacenent nechanism reverse the steps used to
renove it. Reconnect wres to the correct termnals. |[|f coding problens
are traced directly to the coding wheel, they may be corrected if the
mechanismis not sealed. The code wheel on many unseal ed, selective
coded or master coded devices is nmade froma standard code wheel by
cutting out teeth on the perinmeter of the wheel. The remaining teeth
determ ne the signal pattern.

| f audi ble signals occur which do not fit the desired pattern, it could
be caused by inconplete renoval of teeth fromthe code wheel. The areas
where teeth were renoved may be snoothed down using a small file to

el i mnate any undesired audi bl e signals.

I rregul ar sounding of audible signals in a march-tinme coded system
coul d be caused by irregular notor drive or by inproper adjustment of the
codi ng contacts. There are various types of code wheels and net hods of
causi ng coded signals. For maintenance of other types of coders and for
codi ng contact adjustnent procedures, refer to the manufacturer’s
i nstructions.

3.4.1.4 Annunciators. Conponents of annunciators that may
require mai ntenance are | anps or other visual indicators (LEDs), relays,
switches, wiring, diodes, and resistors. Test the annunciator when the
fire alarminitiating devices are tested so alarmlocation identifiers
can be checked.

Some annunci ators "lock in" the alarmindication. The indicator
remains lighted after the initiating device and fire alarm control panel
have been restored to the no-alarmcondition. For these types, confirm
that the individual zone indicators stay lighted after the initiating
device is restored and that the reset switch at the annunci ator panel,
usually a nmonentary switch, turns off the zone indicator lanps. |If there
is an audi ble device at the annunciator, be sure it operates with the
alarmand is turned off by the silencing swtch and the reset swtch.

3.4.1.5 Recorders. Recorders are usually found in a base
al arm system rather than in a building alarmsystem However, a |arge
building fire alarm system nay have a recorder to provide a permanent
record of each change of status for all the devices in the system
0 Paper Tape Recorder (Register). This equipnent (Figure 2-3)
usual ly contains the foll ow ng conmon conponents: resistors,
capacitors, diodes, switches notors, lanps, and wiring. The
paper tape recorder normally also contains transistors and
sol enoids and may contain integrated circuits and either
printed circuit boards or circuit boards wth standoff
termnals or eyelets. The older units may use
transi stor/capacitor or relay/capacitor timng circuits to
control paper tape novenent after the |ast pulse of a signal
and al l ow conveni ent reading of the signal; newer units may
use an integrated circuit (IC for this. dder units may
use termnal -to-term nal nounting of conponents using
standoffs or eyelet termnals; newer units generally contain
printed circuit (PC) boards for conponent nounting. The
ol der units frequently use a heavy, high current DC notor
and worm gear drive to feed the tape through the recorder;
the newer units generally use a |ightweight |low current DC



nmotor with nore efficient pinion gears for speed reduction.
The ol dest units have a spring wound drive notor.
| f sone problemin recorder operation occurs, such as a failure of
t he paper tape transport mechanismor a failure to properly record coded
pul ses, disassenble the recorder to inspect circuit boards, nechani cal
assenbl i es, and ot her conponents.
Di sconnect all electrical cords fromthe recorder and renove the
roll of paper tape. Typically, the cover can be renoved by renovi ng one
to four screws, depending on the manufacturer.

Qovi ous defects to be | ooked for during an inspection are:
excessively worn gearing, discolored insulation on solenoids and rel ay
coils fromoverheating, cracked and di scol ored di odes and resistors, and
di scol ored areas on circuit boards indicating overheating of conponents
in the area. |If there is a defect in one of the conmopn conponents, test
and repair followng the instructions in Section 3.3. Sol enoid
mal function is indicated by distortions in the code pul ses on the paper
tape or a failure to produce the coded pulses. |If a sound is heard or
some nechanical vibration is felt during reception of a coded signal, it
is usually a nmechani cal defect causing the malfunction. Solenoids can be
treated as relays with no contacts, their coil resistance is |ower.

Si nce sol enoi ds acconplish sone nechani cal action, friction can cause
sticking problens. Solenoid coil resistance will usually be 1 to 50
ohns.

| nspection should include | ooking for signs of solenoid shaft wear
and m ssing parts such as retaining rings. Solenoid action is
characterized by abrupt notion and stopping, so forces are high and can
cause wear, breakage, and distortion of nechanical parts. Cenerally,
when there are nechani cal defects, cleaning, light lubrication, and
readjusting or replacing distorted or broken parts are recomended.

If the recorder fails to operate, look for an interruption of power,
such as a bl own fuse, an open circuit breaker, or a broken wire in a
connecting cable to the recorder. The usual neans of electrically
connecting the recorder to the other signal receiving equipnment is a
coiled, stretch cord with connectors at both ends. Check this cord and
its connectors for broken connections wth an ohmeter w thout
di sassenbling the recorder. Use the x1 resistance scale, and check to
see that all functional connector pins show continuity to the
correspondi ng connector pin at the other end of the cord. |If the cord
continuity is good, check for voltage at the paper tape drive notor
term nal s under signal receiving conditions. |If there is voltage, but
the notor does not run, replace the notor. |If no voltage reaches the
not or under signal receiving conditions, there is probably a defective
conponent in the circuit which controls the drive notor operation.

If there is arelay in the recorder control circuit assenbly that
controls the running tine of the drive notor, notor running problens
m ght be elimnated by cleaning and/or burnishing the relay contacts.
Sonetinmes the paper tape drive fails to nove the paper tape far enough
after a signal is received for the signal to be conpletely seen. The
anount of running time usually can be adjusted using a variable resistor
which is accessible only when the recorder is partially di sassenbl ed.
Adjust running tinme with the recorder connected to the equi pment for
signal receipt, the paper tape installed, and the recorder cover renoved
to all ow access to the adjustable resistor. The recorder should start
runni ng when the first pulse of a sinulated or actual signal is received



and continue until the last pulse received is within view |If the
running tinme cannot be adjusted to satisfy this requirenment, there is
probably a defective capacitor in the timng circuit or a bad connection
to the capacitor. |If the timng circuit contains an integrated circuit
timer, a defective integrated circuit can be the cause of the timng
probl em

| f the paper tape drive runs too long after a signal is received, the
probl em may be caused by residual magnetismin the timng rel ay.
Adj usting the relay to increase the necessary holding force to keep the
contacts in the energized state can sonetinmes cure this problem if such
adj ust rent does not adversely affect operation otherw se.
Demagneti zation of the relay is another possible solution, if
demagneti zi ng equi pnent is avail abl e.

| f the paper tape drive runs too long, and no timng relay is
present, the switching device (transistor, integrated circuit, or other
solid state device) is probably defective and nust be replaced. Gear
wear should affect only the paper tape drive. |If the actual wear is
m nor, cleaning and |ubrication with a grease recommended by the
manuf acturer may be adequate to extend gear life. Obtain a set of
repl acenent gears when wear is first noticed.

If a channel of a paper tape recorder fails to record the incom ng
pul ses (first confirmwth a voltnmeter or other neans that the signal is
arriving at the recorder), and the solenoid appears to be normal (coi
resistance is nornmal and insulation is not discolored), |ook for
defective conponents in the solenoid drive circuitry. Typical defects
are a shorted di ode connected directly across the solenoid coil or a
shorted or open swi tching transistor.

Paper tape recorders accumnul ate paper dust which can interfere with
nmechani cal functions of the recorder. Any tinme the recorder is partially
or totally disassenbled for repair, blow or wi pe away the paper dust.

o] Al pha-Nuneric Printers. Al pha-nuneric printers require
speci al i zed
equi pnent for maintenance. It is usually best to return the

equi pnent to the manufacturer for repair.

If the printer uses an inked ribbon, replace the ribbon if it is
damaged or worn or when the printing becones faint. Carefully follow the
manuf acturer’s instructions when changi ng the ribbon. Check to see that
the ribbon reverses direction when it reaches the end to avoid danage to
the new ribbon. For any repairs to al pha-nuneric printers that are
beyond the scope of the manufacturer’s literature, return the printer to
t he manuf acturer.

3.4.1.6 Renote Signal Transmtters. Renote signal
transmtters that are part of the equipnent installed in a building
system are actuated by electrical signals fromthe building alarm system
The renote signaling contacts are wired into a renpte station signaling
circuit which termnates at a signal receiving station, usually | ocated
in a base fire station. Two basic types of renpte signaling transmtters
are in w de-spread use:

o] Reversal Signal Transmtter. The reversal signal
transmtter



consists of only a relay and a power supply for the renote
signaling circuit. The power supply may have a standby
battery. It may also have a current limting feature to
prevent power supply damage if the renpte signaling
circuit (usually a tel ephone Iine pair of conductors) is
short circuited. Wthout the current Iimting feature, a
short circuit can cause a very high current and damage the
transmtter relay contacts, the power supply and/or
battery, and renote signaling circuit wring.

A frequent synptom of a power supply problemfor a reversal signa
transmtter or renote signaling circuit is failure of the renote station
to receive a full alarmsignal. |[If the transmtter operates properly,
and the al arm does not, the power supply current limting feature may
have been adjusted to limt the current to such a | ow value that the
al arm recei ving equi pnent is unable to distinguish between al arm and
trouble. The current to each receiver nust be adjusted since the
recei ver nodul es for each alarm connection vary in the way they react to
current near the critical |evel.
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For instance, suppose that 4 mllianperes (m\) of current is
considered to be normal for the renote signaling line. For an alarm

signal, the current reverses direction and remains at about 4 mA. It may
be that the particular receiving nodule requires 4.5 mA to cause an al arm
signal. The receiving nodul e indication would change fromnormal to

trouble instead of changing to an alarmindication. To correct the
probl em neasure the current under normal and al arm conditions and
increase the current limt setting to allow about I mA nore current to
flowin the normal and alarmconditions. |f necessary, the current may
be increased to 6 or 8 mllianperes (M).

The retest to confirm proper function should include operating with
t he standby battery connected and AC power turned off to insure that the
standby battery can supply the normal and alarmcurrents. Oherw se, the
alarmmay indicate trouble at the receiving nodule when there is a power
failure at the transmtting location. |[If the standby battery is not
adequate, either service it or replace it wth a higher voltage battery
that neets the requirenents.

Poor adjustnent of the reversal relay contacts and a poor choice of
term nals used for incom ng power and outgoing reversal signal can cause
a serious problem Refer to Figure 2-26, which is a reversal signa
transmtting circuit. |If the reversal relay contacts are wired as shown,
the potential problem does not exist, but if the reversal relay contacts
are reversed, with common term nals connected to the power supply and the
two junpers connected on the tel ephone |ine side instead of the power
supply side, a serious problemcan occur. Wen the power supply is
connected to the two common termnals and an al arm condition occurs, a
direct short circuit on the power supply results causi ng damage to power

supply conmponents or even an electrical fire. |If the short circuited
signal line power supply is the sane one that supplies the reversal relay
coil current, the sudden heavy electrical |oad may prevent the relay from
conpleting the alarmsignal switching action. It may remain in the

partially transferred, shorting condition until burning wire insulation
starts a fire.

The short circuit is nore likely to occur when two single pole
rel ays are used instead of a double pole relay as the reversal signal
transmtter. Wth two single pole relays, the likelihood of one relay
operating before the other is even greater, increasing the chances for a
mal f uncti on.

To correct the problem exchange the power supply termnal pair for
the tel ephone Iine termnal pair so that the relay cormmon termnals are
connected to the tel ephone |ine pair, as shown in Figure 2-26. The relay
contact adjustnent is no longer critical, and the threat of danmage and
fire is elimnated.

o] Coded McCulloh Fire Alarm Transmtter. These transmtters
require

mai nt enance of the spring driven notors (escapenent nechani sns)
and DC electric notors. Coding contacts also require periodic
mai nt enance (cleaning) of the sort described for relay contacts
(see Section 3.3.1.).

The coding contacts may require adjustnment at installation or later,
when the code wheel is changed or if the transmtter is disassenbled for
ot her mai ntenance (Figure 3-4).



[retrieve Figure 3-4. MCulloh Coding Contact Adjustnent]

A set of MCulloh coding contacts consists of several flexible netal
bl ades (usually four) held together to forma closed circuit and an open
circuit. Two of the contact blades (usually the mddle two bl ades) are
el ectrically comon but are arranged to flex separately. The separate
flexing action is necessary in order to obtain the separation of circuit
openi ng and groundi ng functions required for proper signaling under
normal and circuit fault conditions. The open and ground contact bl ades
are staggered so that each code wheel tooth will open the line, close the
line, and then ground the line. This ideal adjustnent gives sone safety
factor to insure that the coded signal will not be | ost under any circuit
single fault condition and even sone circuit double fault conditions. An
adj ustnment of the contacts which gives sone overlap of the "open" and
"ground"” conditions will reduce the anmount of safety factor for receipt
of a readable signal under circuit fault conditions, but a readable
signal will still be produced.

The safety factor in the adjustnent is perhaps nost inportant in the
case of a long signaling circuit line. Capacitance due to the long line
can cause considerable lag in operation of relays in the signal receiving
equi pnent. The final mnmeasure of the quality of the coding contact
adjustnment is the receipt of proper signals by the renpte receiving
station with the node selector switch in "normal" and "open" positions.

| f the best possible coding contact adjustnent does not produce
readabl e signals at the receiver and the signaling line is |ong (perhaps
10 mles or nore), it may be necessary to use a doubl e-spaced code wheel
to allow for the capacitance lag in relay operation to obtain a readable
signal (Figure 3-5).

[retrieve Figure 3-5. MCulloh Code Wheel Wth Double Tooth Spaci ng]

Code wheels are frequently made from phenolic or nylon. Wen new,
t he wheel has its maxi mum nunber of teeth. When coding a new transmtter
or changing the code of an old transmtter, keep the code wheel hub
assenbl ed to the code wheel because the code wheel is trued to the hub by
t he manufacturer. Oherwi se, the effective adjustnent of the coding
contacts may change during a rotation of the code wheel. |If the code
wheel is renoved fromthe hub, replace it in the sanme orientation as it
was.

Code the wheel by renpbving one or two teeth to separate each digit
fromthe next digit of the code and renove all renmaining teeth at the end
of the code which are not needed. See Figures 3-5 and 3-6, which show
typi cal code wheels as cut. Note that the digit 5 is represented by five
teeth, 6 is represented by six teeth, and 4 is represented by four teeth
in both cases shown. The teeth may be renoved using wire cutters or a
jig saw and snoothed afterwards with a file or sandpaper. Be sure the
stubs of renoved teeth are | ow enough to prevent touching of the contact
bl ades after the code wheel is reassenbled to its drive shaft, or else
fal se pulses will be transmtted.

[retrieve Figure 3-6. MCulloh Code Wheel with Normal Tooth Spaci ng]

Some types of MCull oh code wheel s and codi ng contacts do not
requi re adjustnent or maintenance, such as code wheel s consisting of



printed circuit contacts on an insulating disc. The initial setting of
the code is made by renoving the foil contact strips fromthe disc. The
det ai |l ed adj ustnent and nai ntenance procedures for any other types of
McCul | oh coding contacts nust be obtained fromthe manufacturer’s data
sheet s.

Tests of transmtters in auxiliary signalling systens or for
automatic fire alarns on renpte station signalling systens shoul d be
per f or med
nonthly. Bi-nonthly tests are reconmmended for transmtters in manua
fire alarnms on renote station signalling systens.

3.5 GENERAL PROCEDURES- - TESTI NG AND MAI NTENANCE OF CONTRCOL AND AUXI LI ARY
UNI TS

3.5.1 Frequency. Al control and auxiliary equi prment should be
visual ly inspected nonthly for,tanpering, damage, and general condition
I n buildings nornmally occupied, each initiating and signaling circuit
shoul d al so be operationally tested nonthly. Equipnment in warehouses or
bui | di ngs not normally occupied should have an operational test of each
initiating and signaling circuit quarterly. These tests should be
coordinated with sanple tests of heat and snoke detectors, manual fire
stations, and audi bl e signal appliances to m nimze duplication.

3.5.2 Procedures. Visual inspections should include checking for
m ssing indicator |anps and | enses, and physical danage. Mving and
functional parts, such as cabinet |ocks, |enses, and neters, should not
be painted and may require replacenent if painted. Operational tests
shoul d either be conbined with periodic fire drills or all affected
parties nust be infornmed prior to tests to avoid disruption of normnal
activity and unnecessary dispatching of fire vehicles.

Periodi c operational tests should include a realistic test of an
alarminitiating device in each zone. On systens that nonitor the
sensitivity of detectors, the detector sensitivity should be checked
every 6 nonths by reading the anal og voltage on the control panel printer
or at the annunciator display circuit board. Proper operation of zone
al armindi cators should be noted. Proper operation of audible signal
appliances in each major occupi ed space should be confirned. Confirm
proper operation of renpte transmtters observation, if practical, and by
conmmuni cation with receiver operating personnel.

3.5.3 Troubleshooting Crcuit Faults. GCrcuit faults may occur in
t he connection to the power source, in the initiating circuits, and in
the alarmindicating circuits. Locating the fault depends on which of
these is involved and specifically if, in the case of initiating and
indicating circuits, the circuit is a four-wre "Class A" a two-wire
"Class B," or a series normally closed circuit.

3.5.3.1 Power Circuit Gound and Short. A ground fault in the
power source wiring will typically cause the building circuit breaker for
the fire alarmsystemto trip. The equipnent will continue to operate on
a standby battery, if provided. |If the battery is discharged or if no
battery is provided, the equipnment affected will be out of service and
fire alarmprotection will be nonexistent. Because battery capacity is
limted and conpl ete di scharge shoul d be avoided to prevent permanent



damage to the battery, repair the fault imredi ately.

3.5.3.2 Power Circuit Open. An open circuit fault in a line
supplying the fire alarmsystemw || cause signs of power failure but
circuit breakers or fuses may show normal conditions. |If the fire alarm
control unit has a power failure or trouble signal feature, it will be
activated, indicating that a problemexists. Figure 3-7 is a
t roubl eshooting chart for this condition.

3.5.3.3 Unsupervised Initiating Crcuit Faults. Faults in
unsupervised circuits have no capability to indicate a trouble condition,
so troubl eshooting is only attenpted after a problemoccurs. The only
sign of a fault is a false alarmor no alarmwhen conditions for an al arm
exist. A typical unsupervised initiating circuit with two initiating
devices is shown in Figure 2-35.

o] Short Circuit. A short circuit between initiating circuit
Wi res causes a false alarmbecause it sinulates an alarm
condition. Initiating circuit wres otherw se becone

connected to each other only during an alarmthrough the
closing of the normally open contacts of an initiating device. See Figure
3-8 for troubl eshooting information.

o] Open Circuit. In the loop type initiating circuit shown

Figure 2-35, an open circuit fault condition mght require
two faults in order to cause circuit nal function,
depending on the fault location. |If a broken wire occurs
at point D, both initiating devices continue to operate
normally. Due to the lack of supervision, there is no

i ndi cation of the broken

wire. The open circuit is detectable only by

di sconnecting the four initiating circuit wres at the
control unit or annunciator and neasuring the two | oops
for continuity with an ohmeter.

Some unsupervised initiating circuits are conposed of two parallel
wires with nornmally open initiating devices connected across them as in
Figure 2-35, but with the circuit dead-ended at the |last device. 1In
these circuits an open circuit fault is inmmune to nost practical
detection and troubl eshooti ng net hods, except for periodic testing of
initiating devices, especially those which are electrically nore distant
fromthe source.

o] G ound Fault. One ground fault in an unsupervised circuit
woul d not cause a functional problem |f the alarm system
were intentionally grounded at sone point, for a
functional or safety reason, an additional circuit ground
m ght cause a mal function or another circuit problem
i ndi cation, such as a blown fuse. Two circuit grounds on
opposite sides of the initiating circuit, such as at
points F and Gin Figure 2-35, would be a short circuit,
causing a false alarm

Initiating circuit ground faults can be | ocated and repaired using
t he nethod of troubl eshooting described for power circuits in Figure 3-9.



[retrieve Figure 3-7. Troubl eshooting Chart for Power Circuit Open
Faul t ]

[retrieve Figure 3-8. Troubl eshooting Chart For A Short Circuit Fault In
An Unsupervised Initiating Grcuit]

[retrieve Figure 3-9. Troubl eshooting Chart for Power Circuit G ound
Faul t ]

[retrieve Figure 3-10. Troubl eshooting Chart for a Short G rcuit Fault
in a Power Circuit]

3.5.3.4 Series Normally Closed Initiating Grcuit Faults.
These circuits are one type of supervised circuit.
o] Short Crcuit. Typically, a short circuit fault on a
series
normal Iy closed circuit causes no indication at the
control unit or annunci ator.

A short circuit between the two sides of the initiating circuit
| oop woul d only bypass and deactivate the devices beyond the short
circuit without causing any change in the circuit condition as seen from
the source. The only effective way of detecting the fault woul d be
periodic testing of initiating devices, especially those electrically
di stant fromthe source. If a device does not work during this routine
test, test additional devices to determne if only the one device tested
or a whole section of the circuit is defective. |If a group of devices
di stant fromthe control unit or annunciator does not work, a short
circuit fault exists and its location is between the nost electrically
renote operative device and the electrically nearest inoperative devi ce.
(See Figure 3-10).

o] Open Circuit. An open circuit fault on a series normally
closed circuit causes an alarmto be indicated by the
control unit or annunciator. The two sides of the circuit
| oop of Figure 2-33 normally are run together through the
same conduit and junction boxes, which nakes it practical
to neasure continuity as instructed in Figure 3-11. In
searching for the fault, |ook especially for |oose
connections at splices and at initiating device screw
termnals. Follow the troubleshooting steps in Figure 3-
11.

o] G ound Fault. A single ground fault on a normally closed
initiating circuit should not cause a problem but there
m ght be a circuit trouble indication at the control unit
or annunciator if ground fault detection is a feature of
t he equi pnment. Even a single fault should be corrected so
that a possible additional fault will not cause a serious
defect in the alarmsystem Two ground faults result in a
short circuit between the two faults.



Fol |l ow these steps for troubl eshooting a ground fault:

1. Tag and di sconnect the initiating circuit |loop at the
control
unit or annunci ator term nals.
2. Wth an ohnmeter, check for continuity between each end of
t he

circuit loop and an unpainted spot on the el ectrical
conduit or another ground, such as a cold water pipe.
Continuity confirnms that at |east one circuit ground fault
exists. An infinite reading (no continuity) suggests

| ooking in the control unit or annunciator for the ground
faul t.

3. At a point that is electrically about hal fway between the
source and the end of the circuit |oop, break both sides of
the | oop by disconnecting wires at a convenient initiating device or
junction box. Check for continuity between each wire and ground
separately.

4. Each tine continuity to ground is found, nove toward the
ground fault at a new test point hal fway between the
present test point and the end of the circuit [ oop and
check as in Step 3 until the fault is found and repaired.

5. Reconnect all disconnected wires and test alarmusing an
initiating device farther fromthe control unit or
annunci ator than the repaired fault.

3.5.3.5 Cdass Blnitiating Grcuit Faults. A Cass B
initiating circuit is shown in Figure 2-24. It is a supervised circuit
in that an open circuit fault is indicated at the control unit or
annunci ator as troubl e.

o] Short Circuit. A short circuit between two points on the
sane

side of the circuit does not harm system operation and is
normal |y not detected unless the short circuit also
i nvol ves one or nore ground faults. A short circuit
bet ween wires on opposite sides of the circuit causes an
alarm A clue to this condition is the fact that an al arm
condition exists for an initiating circuit, but inspection
shows that none of the initiating devices connected to
that circuit have operat ed.

Fol | ow t hese troubl eshooting steps:

1. Tag and di sconnect the initiating circuit |loop at the
control
unit or annunci ator term nals.

2. Measure the initiating circuit resistance with an
ohmeter. A
val ue of 100 ohns or less confirns a short circuit. The
| oner the value, the closer to the source the fault is
| ocated. A neasurenent equal to the end-of-line resistor
val ue or slightly higher is normal and suggests |ooking in



the control unit or annunciator for the fault. (Determ ne
t he proper value of the resistor, usually 1,000 to 2,000
ohms, fromreference materials on the equipnent.)

[retrieve Figure 3-11. Troubl eshooting Chart For an Open Circuit Fault

Conti

in a Series Normally Closed Crcuit]

I f resistance neasured is low, confirmng a short circuit,

nmove to a point that is electrically about hal fway between the
source and the end-of-line resistor for the next resistance
measurenent. A very |ow resistance, near zero, indicates the short
circuit is quite near the test point. A resistance of 50 to 100
ohns indicates that the circuit is a long one of smaller gauge wire
and that the short circuit fault is near the end of the circuit. At
each new test |ocation, break both sides of the circuit by

di sconnecting wires at a convenient initiating device or junction
box. Measure circuit resistance in the direction toward the end of
the circuit.

Low resi stance neasured fromthe second | ocation, |ess than

100 ohns, indicates the short circuit is still farther toward the
end-of the circuit. H gh resistance, approxinmating the end-of-Iine
resistor value, indicates that the short circuit is closer to the
control unit.

Conti nue noving toward the short circuit, dividing the circuit

approximately in halves each tinme, and repeat the neasurenent of
resi stance toward the end of the circuit using the guidelines in
Step 4 as the rule for interpreting each succeedi ng neasurenent.

When the fault is located, repair it, reconnect the

di sconnected wires, and restore the circuit to normal service.

Open Circuit. An open circuit fault in a Cass B circuit

stops the supervising current. The trouble relay at the control

unit or annunci ator deenergi zes and trouble indicators are activated

for the circuit. Initiating devices closer to the control unit or
annunci ator than the open fault may continue to function. Devices
beyond the fault cannot operate. |If an open circuit fault occurs,

turn off any audi ble trouble signals by operating the trouble
silence swtch

nue troubl eshooting by using the foll ow ng steps:

Tag and di sconnect the initiating circuit |loop at the control
unit or annunci ator term nals.

Measure the initiating circuit resistance with an ohmeter
An infinite reading (no change in neter reading with neter
di sconnected fromthe circuit) confirns an open circuit
fault. A neasurenent equal to the end-of-line resistor value, or
slightly higher, is normal and suggests |ooking in the control unit
or annunci ator for the fault.

If the open circuit fault is confirnmed, |eave the two circuit
wires off their termnals, taped separately. Mve to a point that



is electrically about hal fway between the source and the end-of-Iline
resistor for the next resistance neasurenent. Choose a conveni ent
initiating device or junction box and neasure resistance across the

two sides of the initiating circuit. |If the nmeasurenent is stil
infinite, the open circuit fault is still farther along the circuit
toward the end-of-line resistor. |If the neasurenent is now about

equal to the end-of-line resistor value, the open circuit fault is
bet ween the present neasurenent point and the source.

4. Mve toward the fault to a point electrically about

hal f way

bet ween the present neasurenent point and the end-of-Iline
resistor or the source and neasure resi stance across the
circuit.

5. Infinite readings indicate the open circuit fault is

t oward

t he

the end-of-line resistor fromthe new test point.
Readi ngs approxi mating the end-of-1line resistor val ue
indicate the open circuit fault is toward the source.

6. Conti nue taking new readi ngs, advancing toward the fault.
Look especially for |oose connections at splices and at
initiating device screw term nals.

7. When the fault is located, repair it, reconnect wires at

control unit or annunciator, and restore al arm servi ce.
o] G ound Fault. A single ground fault on a Class B

initiating

circuit should not cause any mal function, but a circuit
troubl e indication mght be caused at the control unit or
annunci ator if ground fault detection is a feature of the
equi pnent. Even a single fault should be corrected so
that a possible additional fault will not cause a serious
deficiency in the alarmsystem Two ground faults on
opposite sides of the initiating circuit cause a short
circuit between the two faults. Follow troubl eshooting
directions described earlier for a short circuit fault.

Tr oubl eshooting for a single ground fault is acconplished
by following the steps listed in section 3.5.3.4.

3.5.3.6 Cass Alnitiating Grcuit Faults. A Cass A

initiating circuit is shown in Figure 2-30. Supervision of the circuit
is such that a fault is indicated at the control unit or annunciator as
trouble and initiating devices continue to function.

on

o] Short Gircuit. A short circuit fault between two points

t he sanme conductor would not affect system operation and
woul d not be detected unless the short circuit involved
one or nore ground faults. A short circuit between two
points on different |oops of the circuit (between the A
and B | oops of Figure 2-30) causes an alarmindication at
the control unit or annunciator. The alarm can be
identified as a false alarmby the fact that no initiating



cont r ol

devices are actuated as a result of an abnormal conditi on.

Fol | ow t hese troubl eshooting steps:

1

Tag and di sconnect the initiating circuit wires at the
unit or annunci ator.

Wth an ohmmeter check for continuity between the A and B
| oops. The two A ends and the two B ends show continuity
with no fault present. Continuity between A and B | oops
confirms a short circuit fault. |If there is no continuity
bet ween A and
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B | oops, look for a short circuit in the control unit or
annunciator. Note the color coding of the wires for future
ref erence.

If there is a short circuit, nove to a point electrically

about hal fway between the source and the nost distant initiating
device on the circuit for the next continuity check with the
ohmeter. At a convenient initiating device or junction box, break
the four wires at splices and/or screw term nals and check for
continuity between A and B | oops, both on the wires | eading back to
the source and on the wires | eading toward the nore distant
initiating devices. (Use the previously noted color coding to
identify wires.) If continuity is found between A and B | oops only
toward the nore di stant devices or only toward the source, the

di sconnect ed

wi res may be reconnected before noving to the next test point. If

conti

nuity is found in both directions, there are at |east two short

circuit faults to be repaired, one in each

Conti

di recti on.

Each tine continuity is found between A and B | oops, nove in

the direction indicated by the continuity to a new test point
about hal fway between the present test point and the |ast previous
test point or the end of the circuit in that

direction (source or end-of-line resistor). Look especially for

pi nched and damaged wires and faulty initiating devices.

When the fault is located, repair it, reconnect al

di sconnected wres, performa test using one of the distant
initiating devices on the circuit, and restore the alarmsystemto
servi ce.

Open Circuit. An open circuit fault in a CQass Acircuit

activates trouble indicators for the circuit. Initiating devices on
both sides of the fault still operate and are capable of causing an
alarm If an open circuit fault occurs, turn off the audible
troubl e signals.

nue troubl eshooting by using the follow ng steps:

Tag and di sconnect the initiating circuit wires at the control
unit or annunci ator.

Wth an ohnmmeter, neasure the initiating circuit |oop

resi stances for both the A and B loops. An infinite resistance
reading on either loop confirns an open circuit fault. if continuity
is found on both | oops, this suggests an open circuit fault inside
the control unit or annunciator and further troubl eshooting effort
shoul d be made in that direction.

If an A or B loop open circuit fault is confirmed, note the

color coding of the wires for future reference. Insulate the bare
ends of the initiating circuit wwires with tape. Mve to a point
that is electrically about hal fway between the source and the nost
distant initiating device on the circuit for the next continuity
check with the ohmeter. At a convenient initiating device or



junction box, identify the A and B | oops (color coded). Check
continuity of both

| oops with the ohmmeter. an infinite reading is stil
regi stered for one of the loops (it should be the sane
| oop as before), the open circuit fault is stil
electrically farther fromthe source. |If continuity is
now shown for both |oops, the fault is back toward the
sour ce.

4. Move in the direction of the fault to a new test point
about
hal f way between the present test point and the end of the
circuit in that direction (source or nost distant
initiating device).

5. Each tinme A and B loop continuity is checked, an infinite
reading indicates the fault is further fromthe source.
If continuity is obtained for both |oops, the fault is
toward the source. Continue noving toward the fault,
checking for continuity and | oose or broken wres,
especially at junction boxes and initiating devices.

6. When the fault is located, repair it, reconnect wires at
t he
control unit or annunciator, test the alarmsystemusing a
distant initiating device on the circuit, and restore
al arm servi ce.

o] G ound Fault. Gound fault detection is frequently
provi ded

in control units with Class Ainitiating circuits. A
ground fault causes a trouble indication or a ground fault
i ndi cation on control units having the ground fault
detection feature. A single ground fault will not cause a
mal function or deactivation of any portion of the alarm
system but should be corrected so that a possible
additional fault wll not cause a serious deficiency in
the alarmsystem Two ground faults on different |oops of
the initiating circuit result in a short circuit fault.
First troubl eshoot and repair the short circuit fault, and
then check for a possible remaining ground fault.
Tr oubl eshooting for a ground fault may be acconplished by
the followng the steps in section 3.5.3.4 for each | oop.

3.5.4 Indicating Crcuit Faults. Operating tests of indicating
circuits to locate and repair faults are best perforned after nornal
wor ki ng hours to avoid disruption of normal activities, unless tests are
conmbined with regular drills.

3.5.4.1 Unsupervised Crcuits. Except for false alarns,
synptons of faults in unsupervised circuits occur only during tests of
the alarm system Therefore, test alarmsystens with unsupervised
initiating and indicating circuits regularly.

o] Short Circuit. A short circuit fault in an unsupervised



indicating circuit is very difficult to detect by the
usual test nethods because the normal circuit resistance
is quite low. A short circuit is just a |low resistance in
parallel with the | ow resistance indicating devices.

Synptons would be a blown fuse at the control unit or power supply
during a routine systemtest or fire drill and audi bl e devices that do
not operate as |loudly as usual.

I f you suspect a short circuit fault, the foll ow ng
troubl eshooting steps may help |l ocate the fault:

1

There may be several indicating circuits powered from one
power supply or fuse in the control unit. Separate the
several circuits fromeach other by tagging the wires and
di sconnecting themfromthe control unit termnals. It
may be necessary to nake continuity neasurenents to
confirmthat the wires fromeach circuit are tagged
separately. Conpare the resistance readings for the
indicating circuits using the x1 resistance range of the
ohmeter. |If there is a short circuit fault, that circuit
shoul d have a | ower resistance reading than the others.

I nsul ate the individual bare wires of the circuit being
checked with tape.

Determ ne how the circuit wires are routed using the best
avail abl e informati on you may have to trace the wire or
conduit route. Mwve to a point electrically about halfway
between the control unit and the nost distant indicating
device for the next check. At a convenient initiating
device or junction box, separate the wires |eading back to
the control unit fromthose |leading to the nore distant

i ndi cating devices by disconnecting them at device
termnals or at splices. Masure circuit resistance in
both directions. The short circuit fault should be in the
direction of the | ower resistance.

Move toward the fault to a new test point about hal fway
bet ween the present test point and the | ast test point or
the end of the circuit in that direction (power source or
| ast indicating device). Separate the wires toward the
control unit fromthose | eading away fromthe control unit
and again neasure the circuit resistance on the x1 scale
of the ohmeter in both directions. The fault will be in
the | ow resi stance direction.

Continue to nove toward the fault, | ooking for pinched and
damaged wires and for inproper connections at indicating
devices. Make careful neasurenents at each new test

poi nt, since the difference between normal and abnorma
resi stance may be only slight.

When the fault is located, repair it, reconnect all wres,
test the indicating devices, and restore the alarm system
to service.

Open Circuit. The effect of an open circuit fault on an



unsupervi sed indicating circuit depends on whether the
circuit is conposed of two | oops, with each end of a | oop
connected to the sane termnal at the control unit, or of
two parallel wires, which start at the control unit and

termnate at the last indicating device. 1In the |oop
circuit, two open circuit faults in the same | oop would
deactivate indicating devices between the two faults. In

the two wire parallel circuit, one open circuit fault near
the control unit would deactivate all the indicating
devices. The only sign of an open circuit fault is the
failure of one or nore indicating devices during an alarm
systemtest or a fire drill.

The foll ow ng troubl eshooting steps will help locate the fault:

1.
unit

2.
intermttent

3.

4.
check

5.

6
W res

0

Operate the systemtest or drill switch at the contro

and check operation of each indicating device on the
suspected faulty circuit.

Check the circuit connections at any device with

or weak signals. |If a group does not work, check circuit
connections at the working and nonwor ki ng devi ces at each
end of the group. WMke sure that term nal screws are

cl ean and snug and that there are no broken wires at the
devi ces checked.

If the fault was not located in Step 2, check the wiring
bet ween wor ki ng and nonwor ki ng devi ces, | ooking especially
for poor splice connections at junction boxes.

If all the indicating devices on a circuit do not work,

for a blown fuse or poor connections at the control unit
or at the first indicating device on the circuit.

When the open circuit fault is found, repair the fault and
retest the indicating circuit to confirmthat al
i ndi cati ng devices work properly.

In | oop type indicating circuits, disconnect the circuit

at the control unit and check continuity in both | oops.

If infinite resistance is found in one | oop, reconnect
circuit wires at the control unit, except for one end of
the infinite resistance | oop. Retest the indicating
circuit as in Step 1, and additional steps as necessary,
to locate and repair the fault. Retest continuity on the
previ ously open | oop, reconnect the |oose wire at the
control unit, retest the indicating circuit and devices,
and restore the alarmsystemto service.

G ound Fault. A single ground fault in an unsupervised
indicating circuit may not cause any synptons unless the
indicating circuit is ACline powred. |If the ground
fault is on the "hot" side of the AC circuit and the



indicating circuit is tested, a fuse or circuit breaker at
the control unit or at the power panel supplying the alarm
systemw Il "blow. "™ A ground fault on the neutral side of
the indicating circuit causes no synptons. Two ground
faults on opposite sides of the indicating circuit are

al so a short circuit. Troubl eshooting for the short

circuit may be acconplished as described earlier.

Troubl eshoot for a ground fault by follow ng the steps in
section 3.5. 3. 4.

3.5.4.2 Series Normally Closed Circuits. Series normally
closed indicating circuits are usually supervised and powered by the AC
line. Trouble indicators at the control unit indicate a fault. O her
synptons of a fault are failure of sonme or all indicating devices on the
circuit of operate and a blown fuse or circuit breaker. Blown fuses and
circuit breakers
i ndi cate excessive current and are caused by short circuit and ground
faults. An open circuit fault causes a trouble indication and all the
i ndicating devices fail to operate. To avoid shock, disconnect AC power
to the faulty indicating circuit before starting to di sconnect wires and
make continuity neasurenents.

o] Short Circuit. A short circuit fault near the end of an
indicating circuit may not imedi ately actuate overcurrent
devices (fuse, circuit breaker, or current cutoff/tiner),
but will deactivate one or nore indicating devices at the
end of the indicating circuit away fromthe control unit.
The fault is |ocated between the |ast working indicating
device and the first nonworking indicating device.

| f overcurrent devices are actuated and prevent |ocating the fault,
it may be necessary to reset overcurrent devices, position someone near
the indicating devices to tell which ones operate, and operate the test

or drill switch. Repeat the test until the fault is | ocated.

o] Open Circuit. An open circuit fault causes all indicating
devices on the circuit to fail. Fuses do not blow unless
there is also a ground or short circuit fault on the
control unit side of the open circuit fault. In that

case, check for and repair the ground or short circuit
fault first.

To | ocate and repair an open circuit fault on a normally cl osed
indicating circuit, the troubl eshooting steps in section 3.5.3.5 may
hel p.

o] G ound Fault. Since series normally closed indicating
circuits are usually AC line powered, during an al arm one
side of the circuit is grounded. Any additional ground on
the circuit may short circuit some indicating devices,
resulting in the synptons of a short circuit fault. Check
for and repair the short circuit fault first.

Tr oubl eshooting for a ground fault may be acconplished by
follow ng the steps in section 3.5.3.4.

3.5.4.3 Cass Blndicating Crcuit. A Cass B indicating



circuit is shown in Figure 2-29. An open or short circuit fault in a
Class B indicating circuit causes a trouble indication at the control
unit. A ground fault may al so cause a trouble indication if ground fault
detection is a feature of the control unit.

o] Short Circuit. A short circuit between two points on the
sane
side of the circuit does not affect operation of
i ndi cating devices and is nornmally not detected unless
sonme other fault is also involved. A short circuit
bet ween two points on opposite sides of the circuit causes
an increase in supervising current. Trouble is indicated
at the control unit. A short circuit fault nmay be caused
by pi nched or
damaged wires or by a defective diode at an indicating device. Turn off
the trouble indication at the control unit and |ocate the fault by
foll owi ng the troubl eshooting steps in section 3.5.3.5. Polarity of the
ohmreter for this neasurenent is inportant.

o] Open Circuit. An open circuit fault in a Class B
i ndi cating
circuit elimnates the circuit supervisory current,
causing a trouble signal at the control unit. Operating

the test or drill switch turns on any indicating devices
between the control unit and the open circuit fault. Note
whi ch

i ndi cating devices operate and exam ne the wiring for the
fault. Look for |oose connections at splices and devi ces,
and for damaged wire, then:

1. I f none of the indicating devices operate, the fault is
ei t her

in the control unit or between the control unit and the
nearest indicating device. D sconnect the circuit at the
control unit termnals and neasure circuit resistance
twi ce, using both polarities of the ohmmeter. |f you do
not get an infinite reading, the open circuit is probably
inside the control unit. |If the open circuit fault is
between the control unit and the first indicating device,
an infinite reading with both ,polarities should result.

2. | f sone indicating devices nearer the control unit operate
while others further fromthe control unit do not, the
open circuit fault is |ocated between the | ast working and
the first nonworking devices.

3. If all the indicating devices work, but trouble is

i ndi cat ed

at the control unit, neasure circuit resistance at the
control unit, using both ohnreter polarities, with the
circuit wires disconnected fromthe control unit. If an
infinite reading is obtained with one polarity and a | ow
reading wwth the other, the end-of-line resistor may be
damaged or disconnected. It is usually |located at or very
near the farthest indicating device on the circuit.



4. |f one indicated device does not work and there is no

troubl e
i ndi cation, the device is probably defective. An open
circuit fault in the internal diode or in the coil of the
device are likely defects.
o] G ound Fault. A ground fault in a Class B indicating
circuit

causes a trouble indication at the control unit if ground
fault detection is a feature of the equi pnent; otherw se
the fault may not be noticed. Two ground faults on
opposite sides of the circuit are also a short circuit
fault. Follow the short circuit troubl eshooting steps and
repair the short circuit fault first.

Troubl eshooting for a single ground fault is the sanme as descri bed
for a ground fault in a Class Binitiating circuit except that for
indicating circuits, there is no annunci ator.

3.5.4.4 dass Alndicating Grcuit Faults. Figure 2-32 shows
a Class Aindicating circuit. |If a single open or ground fault occurs,
trouble is indicated at the control unit and all the indicating devices
continue to operate. |If there are two faults or a short circuit fault,
i ndi cating devices may fail to operate.

o] Short Circuit. A short circuit fault in a Cass A
i ndi cating

circuit causes a trouble indication at the control unit,
blown indicating circuit fuses or circuit breakers, and
indicating devices to fail. Turn off any trouble signals
and begin troubl eshooting follow ng the sanme steps as for
a short circuit in a Cass Ainitiating circuit. Masure
continuity of the A and B circuit loops to confirmloop
identification. Check continuity between A and B | oops

using both polarities of the ohmeter. |If continuity is
shown for both polarities, the short circuit fault is
confirnmed.
o] Open Circuit. The only synptom of an open circuit fault
in a
Class Aindicating circuit is a trouble indication at the
control unit. Turn off the trouble signals and begin
troubl eshooting as with an open circuit in a Cass A
initiating circuit.
o] G ound Fault. Gound fault detection on indicating
circuits

is frequently provided as a feature in control units with
Class Aindicating circuits. A trouble indication or a
specific ground fault indication at the control unit would
be the first sign of such - a fault. A single ground
fault does not cause a nal function or deactivate

i ndi cating devices but should be corrected pronptly so
that a possible additional fault does not cause a
deficiency. Two ground faults on different |oops of an



indicating circuit are also a short circuit fault. First
foll ow troubl eshooting steps for a short circuit fault.

Troubl eshooting for a ground fault nmay be acconplished by foll ow ng
the steps in section 3.5.3.4. |[If continuity to ground is found for one
end of a loop, continuity to the sane ground fault may be found for al
four wires, depending on ohmmeter polarity with respect to diodes in the
i ndicating devices. |If there is a ground fault indication at the control
unit, but no continuity to ground is found for the indicating circuit,
the ground fault may be in the control unit, an annunciator, or an
initiating circuit.

3.5.5 Wre Pulling. If wiringis in conduit and a circuit fault is
found, it may be necessary to pull a section of wire out of the conduit
and replace it with undamaged wire. If the fault is in a short section

of conduit between two junction boxes, renove the junction box covers and
i sol ate the damaged section of wiring by disconnecting it at the two
junction boxes. Attach new wire of the sane color coding as the old to
one end of the damaged section of wiring at one of the open junction
boxes. (The strength of the mechanical attachnment is inportant, as well
as its snoot hness and small dianeter.)

Pull the newwre into the conduit by pulling on the unattached end
of the damaged wiring. When the newwre is in place, detach the damaged
wire and cut the newwire to the proper length, allow ng sone sl ack.

Test the newwire to insure that there is no continuity to the conduit
and no continuity between conductors before connecting it to the original
undamaged W ring.

If the junction boxes are far apart, if there are bends in the
conduit, or if the wire fits snugly in the conduit, it nmay be necessary
to apply wire pulling conpound to the wire as it is pulled into the
conduit to reduce friction.

3.6 FIRE ALARM I NI TI ATI NG DEVI CES. The npbst nunerous conponents of an
alarm systemare usually initiating devices. They are throughout
protected buildings and are nore exposed to physical damage than ot her
parts of the system

3.6.1 Manual Fire Alarns. Manual devices are probably the nost
abused initiating devices because they nust be easily accessible to the
personnel in the protected building. Vandalism and painting of norma
devices along with other routine painting are the nost frequent problens.
Vandal i sm of t en

results in breakage of a repl aceable el enent made of glass or fiber. The
el ement is not essential for proper function in many manual devices but
may provide a psychol ogical deterrent to m schievous operation. Painting
can interfere with snooth functioning of the exposed noving parts and
prevent operation of screws, |ocks, and | atches used to open and reset
manual devices for testing.

3.6.1.1 Noncoded Fire Alarm Boxes. Figure 2-12 is an exanple
of a noncoded fire alarm (rmanual pull) box. Single action and doubl e
action devices are both used. The single action device requires one
action to cause an alarmand a repl aceable glass rod is broken with each



operation. The double action device requires two actions to cause an
alarm first, the glass w ndow is broken; second, the alarmlever is
pulled. The glass elenents in these two exanples are necessary parts to
retain all the design features. Both devices can be tested w thout
breaki ng the gl ass parts by opening the device. Mnual fire al arm boxes
may require | oosening a set screw or operating a |latch with a hexagonal
(allen) wench, screwdriver, or key to open.
3.6.1.2 Coded Fire Alarm Boxes. Figure 3-12 shows a coded
fire alarm box. Coding nechanisns are described in Section 2.2.2.2,
"Initiating Devices and Crcuits.” Sonme conments on mai ntenance of
codi ng driven nechanisns are given in Section 3.3.8, "Mtors." The
device in Figure 3-12 uses a repl aceable glass rod, which can be repl aced
wi t hout di sassenbling the box and is not essential for proper operation.
Resetting requires one-quarter turn of an allen screw at the top,
allowing the front to swing down and providing access to the nmechani sm
To recl ose the device, reverse the operation.
3.6.1.3 Testing and Mai ntenance. Manual initiating devices

shoul d be visually inspected nonthly for physical damage due to
vandal i sm accident, and painting. At this time, count the devices to be
sure that none have been conceal ed or renoved. Correct deficiencies
pronptly. Test repaired units by nmechani cal operation and transm ssion
of local and renote signals, w thout glass breakage. Be sure to inform
buil ding and fire departnment personnel that the test is to be perforned.

Test all manual devices on a rotation schedule so that all devices
are tested sem annual ly, except for coded manual fire al arm boxes which
shoul d all be tested annually. Sone devices should be tested each nonth,
at least one fromeach initiating circuit (zone) or renote signaling
circuit, in the case of coded fire alarm boxes. Keep accurate records of
devices tested, their locations, and the rotation schene. Store a copy
of building systemdiagrans and test records in the control unit.
Figure 3-12. Coded Fire Al arm Box. PHOTOGRAPH NOT | NCLUDED

3.6.1.4 Troubl eshooting. Troubleshooting for initiating circuit

probl ens was described for Control and Auxiliary Units. If, during
testing, proper signals are not obtained, determne if the problem
relates to a circuit, a device or a control unit. |If other nearby
devices in the sane

circuit work properly, the problemis probably in the device. In
noncoded manual devices, the only electrical causes of malfunction are
the circuit connections to the device and the switch. |f an exact

repl acenent spare switch or conplete device is avail able, make an

i mmedi ate repair or replacenent. Be sure the term nal connections are
snug and that wires are not broken at the termnals. Breaks can occur
inside the insulation. To check, tug slightly on each wire near the
termnal. |If an imedi ate repair cannot be made, tag the device as

i noperative and return as soon as possible to conplete the repair.

If the conplete, device is replaced wwth a new one and the only
defective conmponent in the old device is the switch, order a replacenent
switch, repair the old device, and keep it as a spare. Always test
repaired or replaced devices and correct mstakes in reconnecting wires
or in analyzing the problem

I n coded manual devices, check the proper functioning of the drive
mechani sm by operating the device and |listening for constant speed of the
mechani sm Next, | ook at the code wheel or camfor irregularities which
m ght explain any mal function. Examne circuit connections to the device



for loose or intermttent connections. Look for absence of a ground wire
connection and check the continuity to ground for existing ground wres
at the coding device, if a ground connection is required. See Section
3.4.1.6, "Renote Signal Transmtters,” for information on other defects
in coding contact adjustnment and cl eani ng.

3.6.2 Automatic Fire Alarminitiating Devices. Most problens
relating to automatic devices are from painting and acci dental damage.
Pai nting sensing devices slows or inhibits their response to a fire.
Some danmage results fromvandalism especially to the larger, nore
vi si bl e devices such as snoke detectors. Even m nor damage can prevent
internal parts fromoperating. Al these devices require routine
i nspection and testing and sone require periodic cleaning.

3.6.2.1 Spot Type Heat Actuated Detectors. Spot type heat
detectors have a detecting el enent or elenents which respond to
tenperature conditions at a single point.
o] Fi xed Tenperature Detectors. These detectors are shown in
Figures 3-13, 3-14 and 3-15. Spot type fixed tenperature
detectors are mainly used in unattended spaces to detect
snol dering fires which increase the tenperature of a
detector above its design value, usually 135 to 145 or 185
to 200 F. The higher tenperature devices are used in
spaces which may reach high tenperatures under ordinary
conditions, such as boiler roonms, attics, or cooking
ar eas.

The device usually is actuated by nelting or fusing an el enent nade
of a fusible netal alloy. Actuated devices usually can be detected by
visual exam nation. In the devices of Figures 3-13 and 3-14, the smaller
di aneter part in the center drops away. In Figure 3-15, the dinple
beconmes a hol e when the detector operates.

Fi xed tenperature devices are often "non-restorable"; that is they
are designed for one tinme operation, then the whol e device (Figures 3-13
and 3-15) or the element (Figure 3-14) needs to be repl aced.

o] Rat e Conpensated Detectors. This type of detector is
shown in
Figure 3-16. For low rates of tenperature change (up to 5
F per mnute), rate conpensated detectors operate |ike
fixed tenperature detectors. For higher rates of
t enper at ure change,

the detector anticipates the rise in tenperature to its
set point and operates faster than the usual fixed
tenperature detector. It automatically resets and is
reusabl e when the tenperature drops below its design
value. There is no difference in external appearance
bet ween an actuated device and an unactuated device, so
that its status nust be checked el ectrically.

Figure 3-13. Low Profile Heat Detector. PHOTOGRAPH NOT | NCLUDED.

Figure 3-14. Replacenent El enment Fi xed Tenperature Heat Detector.
PHOTOGRAPH NOT | NCLUDED.



Figure 3-15. Conbination Fixed Tenperature/ Rate of R se Heat Detector
PHOTOGRAPH NOT | NCLUDED.

Figure 3-16. Rate Conpensated Heat Detector. PHOTOGRAPH NOT | NCLUDED.

o] Rate of Rise Detectors. These detectors are found in the
styles of Figures 3-13 and 3-15. Rate of rise detectors
cause an al arm whenever the rate of tenperature rise
exceeds about 15° F per minute. Heating causes an
increase in air pressure inside the detector. A slow
increase in pressure bleeds-off through a

breather valve while a fast increase operates a bellows

type diaphragm which operates the alarm contact, causing a
signal. The detectors automatically reset after actuation

and are reusable. Actuation is not visually indicated.

o] Combination Detectors. These detectors are found in the
styles of Figures 3-13 and 3-15. The combination detector
contains both fixed temperature and rate of rise elements.
If either element actuates, an alarm results. The fixed
temperature element is visible and actuates only once. If
the fixed temperature element actuates, the whole device
must be replaced. The rate of rise element automatically
resets and is reusable.

o] Thermopile Detectors. The detectors use one set of series
connected thermocouples, exposed to the environment
through a transparent dome, and a similar set is shielded
inside the base of the detecting element. If the detector
is exposed to fire, the exposed set experiences an
increase in temperature greater than that experienced by
the unexposed set. The thermocouples, each composed of a
welded junction of dissimilar metals, generate a small
voltage dependent on their temperature. The hot, exposed
thermocouples generate a higher voltage than the cooler,
unexposed ones. When the voltage difference is great
enough to cause an alarm, the heat detector control unit
is activated. This type of detector acts as a rate of
rise heat detector which can effectively protect large
areas. Thermopile detectors automatically reset and are
reusable.

o] Thermistor Detectors. Thermistor type heat detectors use
semiconductor material with a high negative coefficient of
resistance. The resistance of the thermistor drops
rapidly to a low value as its temperature increases and
causes an alarm signal. This device automatically resets
and is reusable. In its simplest form, the thermistor
acts as a fixed temperature heat detector, though it may
be found as a rate of rise detector using additional
circuitry.

o] Testing and Maintenance of Spot Type Heat Detectors. Spot
type heat actuated detectors should be inspected monthly
for physical damage and for painting. Painting slows or



inhibits the response of devices to a fire. Replace any
pai nted or damaged devices. During the nonthly

i nspection, note any new encl osed spaces and add detectors
i f needed.

Test restorable heat detectors sem annually on a rotation schedule to
insure that all devices will be tested over a 5-year period. During the
sem annual tests, select at |east one detector fromeach initiating
circuit (zone) for testing. Nonreusable detectors with replaceable
el enents can be tested by renoving and reinstalling the elenent. Test
and replace all nonreusable detectors in a 5-year period after the 15th
year. The testing provides training opportunities and inproves the alarm
systemreliability. Keep accurate records of devices tested, their
| ocations, and the rotation schene so no devices are overl ooked and so
that others can do the testing.

Spot type heat actuated detectors can be tested using various
sources of heat. |If the detector is |located in a hazardous area which
may contain expl osive fumes or other highly flammable materials, use an
expl osi on-proof | anp. For nonhazardous areas, the heat source may be an
infrared lanp, a hair dryer, or a hot air gun. Be careful to avoid heat
or snoke damage to reusable detectors and to the surroundings. Test both
the rate of rise and fixed tenperature features in conbination detectors
whi ch have a nonreusable fixed tenperature elenent. First use a higher
heat |evel for a short period and direct it away fromthe fusible fixed
tenperature elenent, if possible, to actuate only the rate of rise
el ement. \When an alarmoccurs, allow cooling and reset and then apply
nore gradual heat to actuate the fixed tenperature el enent.

o] Troubl eshooting. See Sections 3.5.3.3 through 3.5.3.6 for
troubl eshooting of initiating circuit problens.
Troubl eshoot special circuits for thernopile or thermstor
type detectors according to the detector manufacturer’s

instructions. |If you do not obtain a proper signal during
a test, determne if the problemrelates to a circuit, a
device, or a control unit. |If other nearby devices in the

sanme circuit work properly, the problemis probably
related to the devi ce.

Be careful not to test the detector in a way that will destroy the
el ement. A non-restorable detector cannot actually be heat tested as a
practical matter, but proper circuit function can be tested by short
circuiting detector termnals with a screwdriver for nornmally open
detectors, by renpving and reinstalling the replaceable el enent for
repl aceabl e el ement detectors, or by renoving a wire for normally cl osed
detectors. |If there is still a problem check for | oose or intermttent
connections at termnals. Tug lightly on wires at the termnals to check
for firmconnections and the absence of any broken w res.

If it appears that the device is the cause of the problem follow
t hese rul es:

1. I f the device caused no alarmduring a routine test, first
make sure that the alarmwas not deactivated by the alarm
silence switch



2. |f a heat detector causes a continuous alarmat the

control
unit, renove the detector fromthe initiating circuit and
reestablish the initiating circuit tenporarily to see if
the alarmcondition can be restored to normal. |[If so,
repl ace the detector and reconnect w res permanently.
3. If a detector is defective but no replacenent is
i mredi ately

avai | abl e, renove the detector, reestablish the initiating
circuit, and tag the location with information on the type
and rating of the replacenent required. OCbtain and
install the replacenent as pronptly as possible. After
installing a new device, check the wiring connections.

3.6.2.2 Line Type Heat-Actuated Detectors. A line type heat
detector senses tenperature conditions along a line. The line type
detector may be fornmed into a rectangle or sone other shape to suit the
area protected.

o] Li ne Type Fi xed Tenperature Detector. One type of line
type

fixed tenperature detector uses a pair of steel wires in a
normal |y open circuit. The conductive wires are insul ated
fromeach other by a thernoplastic material with a known
melting tenperature. The wires are under tension and are
hel d together by a brai ded sheath or other suitable
covering to prevent mechani cal damage. At the design
tenperature, the insulation nelts, contact is nmade between
the two steel wires, and an alarmsignal is initiated.
The nelted section of cable nust be replaced after an
al arm

o] Line Type Rate of Rise Detector. A line type rate of rise
detector consists of a continuous |oop of nmetal tubing
(usual l'y copper), wthout branches, attached to the
ceiling of the protected area. There nmay be as nuch as
1,000 feet of tubing in the | oop, both ends termnating in
an air chanber in the detector unit. |If a section of
tubi ng experiences a rapid increase in tenperature, the
air in the tubing expands faster than it can be exhausted
t hrough an adjustable vent in the detector unit. Bellows
type di aphragns in the detector unit expand, meking an
el ectrical contact which causes an alarm The bell ows
di aphragns are sonetines arranged to nechanically actuate
a coded transmtter in a coded al arm system

In a line detector system which nust protect a small space, anong
other larger protected spaces, it may be difficult to expose enough
tubing to a possible fire in the small space to obtain sensitivity. 1In
that case a coil of tubing, called a "rosette,” is inserted in the line
where increased sensitivity i s needed.

o] Line Type Therm stor Detector. A line type therm stor
heat



detector has a stainless steel capillary tube containing a
coaxi al center conductor separated fromthe tube wall by a
tenperature sensitive sem conductor. Under nornal
conditions, a current, less than that required for an
alarm flows in the circuit. As the tenperature rises the
resi stance of the sem conductor decreases, allow ng nore
current to flow and causing an alarm This type of
detector acts as a fixed tenperature detector and is
reusabl e.

o] Testing and Mai ntenance of Line Type Heat Detectors. Line
type heat detectors should be inspected nonthly for
physi cal damage and for painting. Painting slows or
inhibits detector response to a fire. Cable with heavy
| ayers of paint should be repl aced.

Check for any changes in partitions or floor plan since detector
installation and rearrange or add detectors or rosettes as needed. Test
the reusable line type detectors sem annually, using a heat source such
as a 300 to 400 watt infrared |lanp. Test rosettes in a rate of rise
tubing loop on a rotation schedule so all rosettes in a systemare tested
at |l east every five

years. A rosette in an average size rate of rise system should respond
to a 375-watt infrared lanp held 5 inches fromit in less than 1 m nute.
Longer exposure may di scol or nearby painted surfaces. Additional tests
to confirmthe integrity of the tubing (no | eaks or pinched tubing) and
proper adjustment of breather vents should be done sem annually and
probl ens pronptly corrected in accordance with the manufacturer’s

i nstructions.

Nonreusabl e line type fixed tenperature detectors are usually
provided with a test swtch at the end of the sensing cable. Operating
the switch causes an alarm Test the detector with the test switch
sem annual |y and repl ace any damaged or faulty cable sections pronptly in
accordance wth the manufacturer’s instructions. Measure and record | oop
resi stance sem annually. Check the line type therm stor detector
sem annually with an infrared | anp heat source as with other reusable
line type detectors. Longer exposure may di scol or nearby painted
surfaces. Vary the location along the tube for each test. Measure and
record detector resistance sem annually and correct problens, such as
damaged tubing, pronptly in accordance with the manufacturer’s
i nstructions.

o] Troubl eshooting. Line type heat actuated detectors are
sonmewhat specialized with different characteristics
dependi ng on the manufacturer. Mst troubl eshooting
shoul d be perfornmed using the manufacturer’s test kit and
i nstructions.

Li ne Type Fi xed Tenperature Detectors. For troubl eshooting purposes,
this detector can be treated as either an unsupervised, Cass B, or C ass
Ainitiating circuit, depending on the nethod of connecting the detector
to the control unit. Noticeable changes in sem annual resistance

readi ngs shoul d be checked unl ess there have been additions to the



system Replace damaged cabl e sections in accordance with the
manuf acturer’s instructions.

Line Type Rate of Ri se Detector. If a pneumatic tubing detector |oop
has no rosettes, it is usually advisable to add at | east one rosette to
sinplify testing, unless the total length of tubing in the loop is small
If testing fails to produce an alarm there nmay be pinhole air leaks in
the systemor the air vent at the main air chanber nmay bleed off air too
rapidly. Check for air |eaks, using the manufacturer’s test kit and

instructions. |If there are no | eaks, adjust the vent to bleed off air
slower to increase sensitivity. Replace tubing sections with |eaks or
crinps as the manufacturer recommends, and retest. |If false alarnms occur

with rapid increases in tenperature due to weather, which are not
corrected by vent adjustnent, |ook for an obstructed vent. Cean the
vent as the manufacturer reconmmends, if it is obstructed, and test.

Li ne Type Therm stor Heat Detector. |[If a section of therm stor tubing is
pi nched, the other tube may be short circuited to the inner coaxial
conductor causing a continuous alarmcondition. Examne the entire

l ength of the tubing for damage if this occurs. Radical changes in the
sem annual resistance neasurenents should be checked. Repair or replace
damaged sections in accordance with the manufacturer’s instructions.
Perform ot her tests, follow ng the manufacturer’s instructions. After
repairs, repeat the tests.

3.6.3 Snoke Actuated Detectors. Snpoke actuated detectors are
i oni zation or photoelectric type and spot, beam or duct design.

3.6.3.1 Spot Type Photoel ectric Snoke Detectors. Most nodern
spot type photoelectric detectors use the light reflection principle to
detect snoke. The diagramin Figure 3-17 shows a typical arrangenent of
functional parts. A pulsed light beamfroma light emtting di ode (LED)
wWith its associated optics is projected across the interior of a
bl ackened chanmber which may contain snoke to be detected. A photocell,
with its optics, |ooks toward the projected beamalong a |ine
per pendi cular to the beam \When snoke enters the chanber, the snoke
particles reflect a small portion of the |light beamtoward the photocell,
whi ch provides a voltage to be anplified and causes an alarm The |ight
source may be nonitored ahead of the snoke chanber and regul ated to
prevent variation of the light intensity fromcausing erratic detector
behavi or.

[retrieve Figure 3-17. Typical Arrangenment of Photoel ectric Snoke
Det ect or Conponent s]

3.6.3.2 Spot Type lonization Snmoke Detector. A small anount
of radioactive material ionizes the air inside a chanber, which is open
to the anbient air. A measured, small electrical current is allowed to
flow through the ionized air. The small, solid particle products of
conmbusti on which enter the chanber as a result of fire interfere with the
normal novenent of ions (current) and, when the current drops |ow enough,
an alarmresults. A two position swtch to control sensitivity may be
provi ded. A detector of this type is shown in Figure 3-18.

[retrieve Figure 3-18. lonization Snoke Detector]



Modern ionization detectors have additional neans to inprove
stability and immunity to atnospheric effects. A reference chanber is
vented to the outside only through a small orifice which does not readily
admt snoke particles. Tenperature, humdity, and pressure changes are
sensed by both the reference chanber and the snoke chanber, and their
effects on alarmsensitivity are elimnated by el ectronic bal anci ng.

3.6.3.3 Beam Type Photoel ectric Snoke Detector. The projected
beam type photoel ectric snoke detector uses a light source and a |ight
sensing photocell, simlar to the spot type photoelectric detector. 1In
the beam type detector, the |light source and photocell are nounted near
the ceiling on opposite sides of the protected room \Wen snoke obscures
the Iight below a predeterm ned value at the photocell, an alarmresults.
Sonetinmes the |light path between the source and the photocell is shielded
to prevent |ight blockage by solid objects. Mrrors may be used to
increase the light beampath | ength and protect |arger areas or to give
nore effective protection of an area. Mdern beam detectors nmay use
nodul ated infra red beans instead of visible |ight beans.

3.6.3.4 Duct Type Photoel ectric Snoke Detector. The duct type
detector operates on the sane principle and has the sane internal
construction as spot type photoelectric detectors. The nmajor difference
bet ween duct and spot type detectors is the nethod of noving the snoke
into the detection chanber. The spot type detector relies on convection
of air in aroom The duct type detector is intended for detecting snoke
in an air handling system It is nmounted directly on the outside of an
air duct or nearby with a sanpling tube extendi ng about three quarters of
the way across the inside of the duct. The sanpling tube has holes in
it, directed upstream for normal airflowin the duct to produce a cross
sectional sanple of air fromthe duct. The air flows into tie snoke
detecti on chanber, nounted on the outside of the duct, and back into the
duct through a return tube, having a hole or holes directed downstream
As long as there is airflowin the duct, a portion of that air
continuously flows through the

detection chanber. A gasket seal prevents ducted or anbient air from
entering the snoke detecting chanber directly and diluting the air sanple
taken frominside the duct.

The duct type detector may have a key operated test/indicator
station. The duct detector may al so have nore and heavier duty al arm
out put contacts than the spot type detector because the duct type
detector is frequently used for direct control of higher current
el ectrical devices, such as HVAC fans and danpers, or fire door releases,
rather than for an alarm system which has |ower current requirenents.

3.6.3.5 Duct Type lonization Snoke Detector. The duct type
i oni zation detector operates on the sane principle and has the sane
internal construction described earlier for spot type ionization
detectors. The major difference between the duct and spot type detectors
is the nethod of noving the snoke into the detection chanber. The spot
type detector relies on convection of air in a room The duct type
detector is intended for detecting snoke in an air handling systemand is
nmounted directly on the outside of an air duct or nearby wth sanpling
and return tubes extending conpletely across the duct. Figure 3-19 shows
a typical detector with sanpling and return tubes.

Figure 3-19. Duct Type lonization Snmoke Detector. PHOTOGRAPH NOT



| NCLUDED.

W de ducts which require | ong tubes require tube support with
brackets or holes in the duct wall. The outer ends of the tubes are
sealed with rubber stoppers or simlar nmeans. The inlet holes in the
sanpling tube are directed into the airstream the outlet holes in the
return tube are either

di rected downstream perpendicular to the airflow, or adjusted for a
particular airflow through the detector or pressure difference between
the sanpling and return tubes, depending on the manufacturer’s
installation instructions. Normal airflow velocity is usually 500 feet
per mnute; the normal pressure difference between sanpling and return
tubes is usually one inch of water.

3.6.3.6 Testing and Mai ntenance. Snpoke actuated detectors
shoul d be inspected nonthly for physical danage and for painting. Renobve
or mask the detectors when painting because paint may prevent good
el ectrical contact at connectors and proper nechanical fit.

Repl ace spot type snoke detectors which show any of the follow ng
during the nonthly inspection: corrosion, paint, paint renoval
(indicating previous painting), physical damge, exposure to grease or
ot her deposits, corrosive atnospheres, overvoltage surges or |ightning
damage. I n many cases, renoved detectors may be repairable by the
manuf acturer. Before testing detectors which are connected to auxiliary
functions, such as release of a fire extinguishing agent, release of fire
doors, or fan shutdown, disconnect or bypass the auxiliary functions
(unless the test is specifically intended to test these features).

Notify the fire departnent and persons where the audible signals can be
hear d.

Al types of snoke detectors should be tested sem -annually. A
calibration check should be perforned after the first year of
installation. If the sensitivity has not changed since installation, then
a calibration check is needed only every other year.

o] Spot Type Photoel ectric Snoke Detector. Mst detectors of this

type have a built-in test feature. 1In sone nodels, a test

I ight source actuated by a key operated test switch or by

hol ding a magnet near a built-in reed switch causes light to
reach the normally dark, snoke sensing, photocell in a quantity
approximating the light of an average snoke test. 1In other
detector nodels, the snoke sinulation is perfornmed by inserting
a reflective surface into the snoke chanber so that actua
source light is reflected to the snoke sensing photocell. Test
at | east one detector in each initiating circuit (zone)

nonthly. Follow a rotation schedule so that all detectors are
tested sem annual ly.

Test failures or false alarns may result from an excessive
accurnul ati on of dust or dirt caused by an adverse environnent. Bl ow out
t he snoke chanbers with |ow pressure air. (Partial disassenbly of the
detector and di sconnection of detector power, follow ng the
manufacturer’s instructions, are required.) Since the photocell is
normal |y dark, disassenble and clean in a darkened area to mnimze the
photocel | recovery tinme after cleaning before repowering the detector.
Al'l ow approximately 30 mnutes for recovery after reassenbly of the
det ect or before reconnecting power. D sconnecting power by unplugging



one detector may al so di sconnect power fromthe other detectors further
fromthe power source. Local fire authorities may require special
precautions during any extended testing period. Special equipnent which
may be required for cleaning consists of a |ow pressure air source for

bl owi ng out dust and a suction cup for chanber cover renoval

| f the cleaning does not correct the false alarns or failure to
alarm return the detector to the manufacturer for repair.

o] Spot Type lonization Snoke Detector. Test at |east one
detector in each initiating circuit (zone) nonthly.
Foll ow a rotation schedule so all spot type ionization
detectors are tested sem annually in accordance with the
manufacturer’s instructions. Any detectors which produce
fal se al arns between sem annual tests or do not test
satisfactorily should be checked for sensitivity,
foll owi ng the manufacturer’s instructions and using test
equi pnrent avail able fromthe manufacturer or other
sources. An aerosol synthetic snoke is available from
sonme manufacturers for testing their detectors.

Unsatisfactory tests or erratic operation may indicate a need to renove
accunul ated dust or dirt. The frequency of cleaning should be based on
results of regular tests and |ocal conditions. Cean, check, and test
operation and sensitivity follow ng the manufacturer’s instructions. For
| oose dust deposits, blowthe area with |ow pressure air after renoving a
protective cover. For nore stubborn deposits, disassenble and cl ean
using a liquid recormended by the manufacturer. Recheck sensitivity and
adjust if necessary after cleaning and thorough drying.

Some snoke detectors of this type produce an el ectrical shock which
may not be severe enough to cause injury directly but could cause a fal
froma | adder. Sone manufacturers, because of such possible injury to
personnel or damage to the detectors, do not reconmend servicing by
anyone other than factory trained personnel. The custoner service
departnment of nost manufacturers can give advice on the tel ephone for
specific problens. Be prepared to give the equi pnent nodel nunber and
ot her pertinent information.

o] Beam Type Photoel ectric Snmoke Detector. Check each

det ect or
sem annual ly. Usually sinulate snoke by hol di ng pi eces of
clear filter material furnished with the detector, in
front of the lens. For instance, one thickness should not
cause an alarmwhile three thicknesses should cause an
alarm Check the manufacturer’s instructions to be sure
this method is appropriate.

The beam type photoel ectric snoke detector is probably nore rugged
than the other detectors discussed. The nost frequent problens are
burned out light sources and dirt or paint on lenses and filters which
can cause false alarnms. These probl ens should be discovered during
mont hly inspections and corrected pronptly. C ean the |enses
sem annual |y just before the regular operating test. D sconnect power to
prevent alarnms during | ens cleaning, and w pe the sensor |ens, any
filters or mrrors used, and the projector lanp surface with a soft danp



cl ot h.

Check the light beamto be sure it is directly centered on the sensor
unit after cleaning. if necessary, renove filters and align the projector
| anp, using adjustnent screws provided on the projector unit. |If mrrors
are used, the alignnent process is nore difficult, so be careful during
cl eaning not to disturb their adjustnent. Reassenble all renpoved parts
before testing.

o] Duct Type Snoke Detector. Duct type snoke detectors
usual I'y
are tested with sinulation type tests, using a key
operated test switch at the detector or at a renote
test/indicator location, if installed. Frequently, reset
of a detector requires

nonentary renoval of power, either by using the key
operated test switch or a switch at a central contro
panel. In testing duct nmounted detectors, the |ength of
time to activate each detector will vary. A typica
response tinme is 10 seconds, but sone detectors may
require 30 seconds or nore to activate.

Check the manufacturer’s instructions before doing any cleaning,
checki ng, operation or adjustnment. Establish a routine cleaning
schedul e, based on local dust, dirt and H/AC filter conditions. Start
wi th annual cl eaning of the snoke chanber, sanpling tubes and hol es and
i ncrease or decrease the frequency, depending on performance results. A
| ow pressure air hose should be adequate for nost cl eaning.

Refer to earlier paragraphs on spot type photoelectric and
i oni zati on snoke detectors for additional detail to apply to the
respective duct type snoke detectors.

3.6.3.7 Troubl eshooti ng.

o] Phot oel ectric Snoke Detector. Photoelectric detectors are
usually arranged to give a trouble signal for light source
failure. Beamtype snoke detectors with incandescent
I ight sources require nore frequent |ight source
repl acenent than LEDs. Base personnel can replace | anps,
follow ng the manufacturer’s instructions. Spot type
detectors with LED light sources should be returned to the
manuf acturer for repair.

Fal se or continuous alarms usually indicate that cleaning is needed.
Conti nued unsatisfactory results after cleaning indicate that factory
repair is necessary. Keep spare devices on hand for imedi ate
replacenment. Return failed units to the manufacturer pronptly.

o] | oni zati on Snoke Detector. False, continuous or erratic
alarnms or failure of ionization detectors to actuate after
the factory recommended routine inspection and cl eani ng
have been perforned indicate that factory repair or repair
by a factory trained technician is necessary. Schooling
and test equi pnrent are avail able from sonme manufacturers



for training and assisting installers and service
personnel. Defective devices should be returned to the
factory.

3.6.4 Flanme Actuated Detectors. Flame actuated detectors are
optical devices which "look at" the protected area. They generally react
faster to a fire than nonoptical devices. Because of their quick
reaction, flame actuated detectors may be used where the anticipated fire
is expected to develop quickly as is the case with fires involving
fl ammabl e |iquids, explosions, etc. Flane detectors are referred to as
| i ne-of -sight detectors since they cannot detect fires which are around
corners or otherw se obstructed from vi ew.

3.6.4.1 Infrared Flane Detectors. Infrared (IR |ane
detectors respond directly to the IR, nodulated (flickering at 5 to 30
cycl es per second) radiation fromflanmes. To mnimze responses to
nonfire sources of radiation, the sensor design usually incorporates a
del ayed response, selectable in the range of 3 to 30 seconds. Thus,
al arms are caused only by sustained, flickering sources of IR radiation.
Figure 3-20 shows two typical IR flanme detectors.

The IR flane detector is ineffective for snoldering or incipient
fires. It is used where possible fires would devel op quickly (fuels such
as conbusti bl e gases and |iquids or |oose cotton fiber) and it is capable
of protecting a large area, if nmounted high on a ceiling or wall (30 to
50 feet).

The sensitivity of IR detectors to a fire is affected by the
di stance of the device fromthe fire. For exanple, if the distance is
doubl ed, the required fire for detection nust be four tinmes as large. In
order to maintain immnity to possible nonfire sources of alarns, |onger
response delays (10 to 30 seconds) are usually selected for |ow ceiling
(8 feet) nounting. Shorter delays, in the range 3 to 10 seconds, are
used when detectors are nmounted on higher ceilings. For high hazard
areas, the detector can be nounted on a low ceiling and a | ow del ay
setting used to obtain sensitivity and fast response. Shields to
el imnate possible false alarmsources fromthe field of view of the
detector are sonetines used, especially in a high sensitivity application
of the device.

Figure 3-20. Infrared Flanme Detectors. PHOTOGRAPH NOT | NCLUDED.

Sonme detector nodels designed for fast response do not have the
"flicker" discrimnation feature, but instead have two sensors with
di fferent
spectral responses. Such detectors are referred to as "dual band"
detectors. These sensors are used to distinguish between an actual fire
and ot her
sources of IR radiation, such as heated objects and sunlight.

G owi ng enber detectors are nondiscrimnating and fast acting.
Ambi ent [ight |evels nust be maintained bel ow 20 foot candles. Placenent
and shielding are inportant for this type to avoid false alarns due to
i ncandescent | anps and sunli ght.

3.6.4.2 Utraviolet Flane Detectors. The ultraviolet (UV)
flame detector is extrenely fast and is used in high hazard applications,
such as aircraft maintenance areas, nunitions production, and other areas



where flammuabl e or explosive liquids or solids are handled or stored.
The detector responds to UV radiation not visible to humans. Figure 3-21
shows sone typical UV detectors.

[retrieve Figure 3-21. Utraviolet Flanme Detectors]

The detector and circuitry may be in a single housing or in separate
housi ngs. They act together as a normally open switch which becones
nmonentarily closed, causing an alarm when UV radiation enters the
detector view ng wi ndow. Response tine is typically less than 25 nsec
for an intense WV source. Sone nodels have a built-in short tine delay
(3 seconds, nominal) to mnimze responses to |ightning and ot her
nonmentary events.

Frequently, separate relay contacts are provided for i mediate and
del ayed al arm out puts, adjustable up to 30 seconds. A visual indicator,
vi si bl e through the view ng w ndow, usually indicates detector actuation.

A test feature designed into sone detectors allows for checking the
optical integrity of the device. A small UV source inside the detector

housing is shielded fromdirectly illum nating the sensor. Local or
renmote operation of a test swtch deactivates alarmcircuits and
illumnates the test lanp. |Its rays pass out through the view ng w ndow,

strike a mrrored surface at the edge of the opening, and return through
the front window to the sensor. Detector response to the test indicates
that the window is clean and that the sensor and electronic circuits are
oper ati onal .

The UV detector is capable of use in explosive atnospheres and sone

nodel s have swivel mounts for directing themat specific hazards.
Vari ous nodel s have angular fields of viewranging from90 to 180
degrees. Sensitivity is usually factory set for the application.

3.6.4.3 Conbination Utraviolet-Infrared Flanme Detectors. A
conbination ultraviolet infrared (UV/IR) detector is able to discrimnate
agai nst non-fire related sources of radiation such as wel ding, |ightning
and heated objects. The detector discrimnates by sensing very specific
wavel engths in both the UV and the IR range and el ectronically processing
the signals fromthe sensors. The detector uses two separate sensors and
sensing circuits. The two sensing circuits operate independently, each
gi ving an output of conditioned pul ses, the frequency of which is
proportional to the intensity of the radiation sensed. The two outputs
are conpared and if the ratio falls within the specified fire signature
limts, a single fire event is declared and entered into the Fire Event
Regi ster. Repeated conparison continues until the present nunber of fire
events have occurred, at which tinme a fire is declared and reported. |If
the specified fire signature ratio of U/ IR is not net, a separate non-
fire related UV or IR event is reported, virtually elimnating
unacceptable false fire reports from ot her sources.

3.6.4.4 Testing and Mai ntenance. Flane actuated detectors
shoul d be inspected nonthly for physical danmage, accumul ati on of deposits
and paint on the lens. A spot of paint on a |lens can bl ock the
detector’s view of a critical area of the protected space. Renove or
protect the detectors when painting.

o] Infrared Detectors. |In Figure 3-20, the dark spot or done
at



the bottom center of each infrared device is the |ens.
Detector | enses nust be kept clean to insure the earliest
possi bl e detection of a fire. Test at |east one detector
in each initiating circuit (zone) nonthly. Follow a
rotation schedule so that all detectors are tested

sem annual | y.

A small soldering iron, held 6 inches in front of a gl ow ng enber
type detector, can serve as a heat source for testing. A 250-watt
infrared heat | anp several feet fromthe detector can serve as a flane
substitute in testing an infrared flanme detector. Be sure that auxiliary
functions of the flanme detection systemare deactivated before testing
unl ess these features are intentionally being tested. Informthe fire
departnment and persons who woul d hear the al arm

Fal se alarnms or failure to detect during a test nmay be from
environmental factors or aimng of the detector. During-the nonthly
i nspection, check that detectors are not bl ocked and that |enses are
shielded fromdirect rays of the sun and other normally occurring
infrared sources.

If a detector has a clean lens but fails an operating test, nake
adj ustnments and/ or other field mai ntenance, follow ng the manufacturer’s
instructions. Obtain field service by a factory trained technician or
return the equi pnent to the manufacturer for repair.

o] Utraviolet Detectors. Keep UV detector lenses totally
clean. A gradual buildup of contam nants frequently found
in high hazard spaces (oil, gasoline, petrochem cals,

salt, and dust) blocks WV radiation. A layer thin enough
to be undetectable to the human eye can cause a W
detector to be conpletely blind. C ean | enses according
to the manufacturer’s instructions. Test nodels of W
detectors with the built-in optical integrity test feature
during the nonthly inspection. Cean and retest detectors
which fail the test.

Fal se alarns and failure during a test may be related to
environmental factors or aimng of the detector. During the nonthly
i nspection, check that detectors are ained to protect the intended areas,
that detectors are not bl ocked, and that |enses are shielded fromdirect
rays of the sun and other normally occurring UV sources, such as wel ding
equi pnent .

Mont hly perform an operational test on at | east one detector in each
initiating circuit (zone). Follow a rotation schedule so all detectors
are tested sem annually. UV sources for test purposes are available from
some UV detector manufacturers. Be sure that auxiliary functions of the
detection system are deactivated before testing unless these features are
to be
tested. Notify the fire departnent and persons who woul d hear the
si gnal s.

If a detector has a clean lens but fails an operational test, nake
adj ustnments and/ or other field mai ntenance, follow ng the manufacturer’s
instructions. Obtain field service by a factory trained technician or



return defective equipnent to the manufacturer for repair.

o] Combi nation UV/IR Detectors. Maintenance requirenents for
conbination UV IR detectors are the sane as those for W
detectors and | R detectors.

3.6.4.5 Troubl eshooting. Erratic alarns and failure to detect
flames or sinmulated flames during tests are the nost frequent problens of
flame detectors. A failure to detect is usually caused by an
accurul ation of oil, paint, or dust deposits on a |lens or by an object
bl ocki ng the detector’s view of the flane. Cean the | ens as soon as
possi bl e when a problem occurs and ai mthe detector so it has an
unobstructed view of the area. High speed detectors, intended for use in
| ow anbient |ight conditions, may becone desensitized from overexposure
to anbient light. Follow the manufacturer’s recomendations in
controlling anbient conditions.

Spurious or erratic alarnms are caused by direct or indirect sources
of infrared or ultraviolet rays which appear as a flame to the detector.
Enber detecting infrared detectors nmay respond to i ncandescent |anps or
to sunlight striking an object. Sunlight reflections froml akes,
puddl es, wi ndows, venetian blinds, machinery, and passing cars and trains
are exanples of sone reflective sources which may flicker like a flame
and cause infrared alarmsignals. Some direct |ight sources which may
cause spurious infrared alarnms are flickering neon signs or |anps and
headl i ghts on noving vehicles. These |ight sources should be shiel ded
fromthe view of infrared detectors. The main sources of spurious alarns
for ultraviolet detectors are welding and cutting operations within view
of the detectors.

3.6.5 Sprinkler Waterfl ow Actuated Detectors. Sprinkler waterflow
detectors are generally pressure actuated or vane actuated. Pressure
switches are used on both wet and dry pipe sprinkler systens. Vane
switches are wdely used on wet pipe sprinkler systens. They cannot be
used on dry pipe systens because the mechani cal shock of the initial rush
of water into the pipe could damage the vane and nmechani sm

Dry pipe systemalarns tend to be slow acting because it takes tine
to lose sufficient air through a fused sprinkler to trip the system
Various nethods are used to speed up dry pipe systens. Wt pipe system
al arms have a different problem Fluctuating water pressure frequently
causes flow into a sprinkler system equalizing the sprinkler system
pressure with the supply pressure. Such surges of water or of pressure
cause spurious waterflow alarns if some nmethod of slow ng down the switch
response to the surge is not used. Various retarding techniques are
used, sone associated wth the waterfl ow detector and sonme with the
sprinkl er piping.

3.6.5.1 Pressure Increase Type Waterfl ow Detector. Numerous
styles of this type of waterflow pressure switch are found in wet and dry
pi pe systens. (Figure 3-22 shows one style.) The usual arrangenent for
switch actuation includes a seal ed accordion-like bellows which is
assenbled to a spring and |inkage. The spring conpression or tension
controls the pressure setting of the switch and may be adjustabl e and/or
factory set to the desired pressure. As water or air pressure in the
bel |l ows increases, it expands, providing notion against a spring. The



I i nkage converts the bellows notion into the desired notion to actuate
the electrical switch. |If the pressure switch is used on a wet pipe
system it is usually nounted at the top of a retarding chanber, which
reduces the speed of pressure buildup at the swtch.

There are al so waterfl ow pressure increase detectors which
incorporate a pneumatic retarding nechanismwthin the detector housing.
The retard tinme is adjustable to a maxi num of 90 seconds w th usual
settings in the range 20 to 70 seconds. The retarded switch would be
connected to the alarmport of a wet sprinkler system al armcheck val ve.
The usual pressure settings for these switches are in the range of 8 to
15 psi.

3.6.5.2 Pressure Drop Type Waterfl ow Detector. Pressure drop
type detectors can be used in wet pipe sprinkler systens equipped with a
check val ve (al arm check or swi ng check) which hol ds excess pressure on
t he system side of the check valve. These detectors are nost frequently
used where a water surge or hamer causes false alarnms with other types
of waterfl ow detectors.

The construction of pressure drop detectors is simlar to that for
pressure increase detectors. The switch for a pressure drop detector is
arranged to actuate on a drop in pressure and there is no retarding
mechani sm or chanber. A typical switch of this type would be adjusted
for sonme normal operating pressure in the range 50 to 130 psi. The alarm
pressure woul d be adjustable to 10 to 20 psi bel ow the normal pressure.

Figure 3-22. Pressure Increase Type Waterfl ow Detector. PHOTOGRAPH NOT
| NCLUDED.

3.6.5.3 Vane Type Waterfl ow Detector. A vane type waterfl ow
detector, used only in wet pipe sprinkler systens, is shown in Figure 3-
23. The vane, a flexible, alnost flat disc, is nmade of corrosion-
resistant material. The detector is assenbled to the pipe by drilling a
hole in the wall of the sprinkler pipe. The vane is rolled-up to forma
tube and inserted into the pipe through the hole. Once inside the pipe,
t he vane springs open, alnost covering the inside cross section of the
pi pe. The whol e detector assenbly is clanped to the pipe with one or two
U-bolts. Gaskets and other sealing devices prevent |eakage of water out
of the riser pipe and into the detector housing. Operation of a
sprinkler causes water to flowin the system noving the vane. A
mechani cal |inkage connects the vane to an adjustable retarding device in
t he detector.

Figure 3-23. Vane Type Waterfl ow Detector. PHOTOGRAPH NOT | NCLUDED.

The retarding device, which is usually a pneumatic dashpot, actuates
the alarmswitch or switches and/or signal transmtter, if the vane is
still deflected at the end of the adjustable delay period. The retarding
devi ce prevents spurious alarnms by del aying the nechani cal actuation of
the alarmswitch(es) and/or transmtter to allow the vane and retarding
mechanismto return to their normal positions after nonentary water
surges. The retarding device setting is usually in the range of 30 to 45
seconds, though the maxi mum setting nmay be as high as 90 seconds.

3.6.5.4 Pressure Punp/Pressure Drop Type Waterfl ow Detector.
The pressure punp type waterfl ow detector is usually used in |arge
sprinkler systenms and those with i nadequate water pressure to reliably



operate one of the other types of waterflow detectors. Figure 3-24 shows
a fixed pressure waterfl ow detector, with punp (another nane for the sane
device). This type of detector has a punp, punp notor, and control unit
as an integral unit, arranged for strap nounting to the sprinkler system
riser. The device provides a waterflow alarm signal, a | ow system water
pressure supervisory signal, and excess pressure in the systemto prevent
surges in the supply pressure fromopening the alarm check val ve and
causi ng operation of the water notor gong or other alarmindicator.

[retrieve Figure 3-24. Fixed Pressure Waterfl ow Detector Wth Punp]

A typical installed detector of this type is adjusted to naintain the
system pressure at 25 to 50 psi above the supply pressure. A slow | eak
at the alarm check val ve or anywhere in the systemw || cause the system
pressure to drop slowy. Wen the pressure decreases to 2 psi below the
preset value, a pressure switch closes, causing the punp to start punping
water fromthe supply side to the system side of the alarmcheck val ve at
a rate of about 1 gallon per mnute. Note that this is too lowa rate to
mai ntain pressure if a sprinkler opens or to deliver a significant anount
of water to a fire. |If the total of systeml|eaks anbunt to |ess than 1
gal | on

per mnute, the pressure switch opens and the punp stops when the preset
pressure is reached. If the |leak is greater than 1 gallon per mnute,

t he system pressure continues to drop, even with the punp running. |If
the system pressure decreases to 4 psi below the preset value, a trouble
pressure switch, which is closed at the normal pressure, opens to
indicate that there is a systemleak greater than 1 gallon per m nute.
This is a maintenance condition requiring repair. A trouble contact is
al so operated if the punp is switched off with the key-operated control
switch. |If the systemwater pressure continues to decrease to 6 psi
bel ow t he preset value, an alarmpressure swtch (open at the normally
mai nt ai ned pressure) closes, signaling a waterflow alarm Sone fi xed
pressure waterfl ow detectors of this type have an additional punp
protection pressure switch which disconnects punp power when the supply
pressure drops bel ow about 14 psi. This additional switch prevents
running the punp dry if the water supply is shut off or there is a break
in the supply pipe.

3.6.5.5 Electronic Pressure Drop Waterfl ow Detector. The
el ectronic pressure drop detector is often used in sprinkler systens
whi ch nust maintain a high excess system pressure over supply pressure
(resulting fromfluctuations in supply pressure or use of an excess
pressure punp) that would delay actuation of a vane type waterfl ow
detector. It is normally nmounted to the riser pipe with a flexible,
rugged hose connection to the system side of the check valve for pressure
sensing. Figure 3-25 shows a detector of this type with its cover open.
The device requires a pressure drop of 0.3 to 1.3 psi continuing over a
period of at |east 3 seconds to signal an alarm A pressure drop at a
slower rate or of shorter duration causes no alarm A slow pressure drop
to 15 psi or less causes a trouble signal indicating that there is a
system | eak and | ow supply pressure. Pressure increases do not cause an
alarm but an overpressure condition (200 psi) causes a trouble signal.
Troubl e signals are al so caused by opening the detector’s nmetal cover,
supply voltage outside the normal range, and an internal circuit failure



that would interfere with proper functioning.

Figure 3-25. Electronic Pressure Drop Waterfl ow Detector. PHOTOGRAPH
NOT | NCLUDED.

3.6.5.6 Testing and Maintenance. Waterflow actuated detectors
shoul d be inspected binonthly for physical danage and for paint on
information plates and | abels. Replace or repair damaged devi ces
i medi ately. C ean or replace painted plates and | abels. Correct other
deficiencies promptly.

During the inspection, note any new additional waterflow al arns.
Test sonme sprinkler systemwaterfl ow detectors each nonth. Follow a
rotation schedule so that a group of buildings in a large installation is
tested each nonth and a conplete cycle of tests of all waterfl ow
detectors for all buildings is conpleted quarterly. Wen detectors are
connected to a base alarmsystem tests should include checking for
clearly identifiable signals received at the alarm headquarters.

o] Wet Pipe Sprinkler System Waterfl ow Detectors. Test wet pipe
sprinkler systemwaterfl ow devices by causing a flow of water
equal to that fromone sprinkler by opening the inspector’s
test valve fully. This valve is usually near the end of the
sprinkler systemon the opposite side of the building fromthe
systemriser. For sectional waterflow detectors, the
i nspector’s test valve is usually on the opposite side of the
section of the building fromthe riser. The inspector’s test
valve is left open to allow full flowuntil an alarmis
i ndicated at the local control unit or, if connected to the
base alarm system until a clear alarmis received at the alarm
headquarters. One person with radi o or tel ephone
comuni cations at the test valve and one person at each alarm
receiving location are usually needed for testing.

The del ay between the start of full flow and receipt of the alarm
signal should be between 15 to 90 seconds for retarded signals.
Det ectors which sense a pressure drop should respond in |less than 15
seconds. |If the alarm has not been received after water has been fl ow ng
for 3 mnutes, stop the test and determ ne the cause of the problem (see
Section 3.6.5.7, "Troubleshooting”). The test is sonetines continued
| onger as a troubl eshooting nethod, but not as a matter of routine
t esting.

o] Dry Pipe Sprinkler System Waterfl ow Detectors. Dry pipe
sprinkl er
systens have an alarmtest valve at the sprinkler riser in the
trimpiping which allows water fromthe supply side of the dry
pi pe valve to exert supply pressure on the pressure increase
type waterfl ow detector. The alarmtest valve is frequently a

smal | | ever type valve, but may be a globe valve. It should be
permanent|ly tagged as the "alarmtest valve" to expedite future
t esting.

The regular trip test (Chapter 5) of a dry pipe sprinkler systemto
check the operating condition of the sprinkler systemcan also be used to
test the waterfl ow detector and alarmsystemif the tests are
coordi nated. However, it is not practical to trip test the dry pipe valve



for every alarmsystemtest. Do not open the inspector’s test valve at
the end of a dry pipe sprinkler systemfor an alarmsystemtest unless a
trip test is desired.

3.6.5.7 Troubl eshooting. The nost frequent problem associ ated
with waterfl ow detectors is a failure to receive an alarmsignal wthin
the allotted tine. One nethod for troubl eshooting is manual actuation of
the waterflow detector to sinulate the action produced by an actual
wat erfl ow. For detectors with a signal retarding device, this initiates
the timng sequence. |If the alarmsignal is still not received within a
reasonable time (less than 90 seconds), and the mechanical action of the
retardi ng device and switch or transmtter is nornmal, the problemis a
circuit problem (See troubleshooting for circuit problens.) [If the
signal is properly received with nmanual actuation of the detector, the
original problemmay be associ ated

with the nmounting of the detector (m salignment causing vane rubbing on
the inside of the pipe) or with a defective sensing elenent in the
detector (defective bellows in a pressure switch). Correcting

m sal i gnment may require draining the system renoving the waterfl ow vane
switch, and redrilling the hole on an axis perpendicular to the pipe
axis. If a pressure switch bellows is defective, usually the conplete
pressure switch nust be repl aced.

Def ective retardi ng nechani sns usually can be replaced as a unit.
Synmptons of defective retardi ng nmechanisns are: failure of retard tinme to
change snoothly with changing adjustnent, failure of retarding nechanism
to cause any delay, and failure of the nechanismto cause or allow sw tch
or transmtter actuation. |If these synptons occur, the retarding
mechani sm shoul d be repl aced and the defective unit returned for repair.

I ndi vi dual alarmsw tches in waterfl ow detectors can usually be
removed and replaced. |Investigate a trouble indication on a waterfl ow
detector zone as a detector related probl em before troubl eshooting the
initiating circuit. Frequently, renoving the detector cover operates a
troubl e indicating
switch. Electronic waterfl ow detectors al so cause trouble indications
for other abnormal conditions, such as pressure or supply voltage outside
their normal ranges.

3.7 SUPERVI SORY ALARM I NI TI ATI NG DEVI CES. Supervisory alarminitiating
devi ces cause a signal at the supervisory control unit and/or renote
recei ver when an abnormal fire protection system condition occurs.

3.7.1 Valve Position Supervisory Devices. |n general, supervised
val ves are never closed unless a sprinkler systemor section of it
requi res mai ntenance. These valves control the main flow of water to a
system or section of a system Valves which control waterflowto a
wat erfl ow detector or valves in a sprinkler header roomor fire punp room
which are normally closed nmay al so be supervi sed. Supervisory devices
for normal |y open val ves cause a supervisory signal when the valve is
closed no nore than two turns or 20%of its total travel. Supervisory
devices for normally cl osed val ves cause a supervisory signal when the
val ve is opened no nore than two turns or 20%of its total travel.

3.7.1.1 CQutside Screw and Yoke (OS&Y) Val ve Position



| ndi cator. OS&Y val ves are frequently supervised. Figures 2-13 and 2-14
show two typical OS&Y val ve supervisory devices. Figure 3-26 depicts a
typi cal OS&Y valve with supervisory switch in place. The switch and its
housing are firmy attached to the valve yoke. The spring | oaded swtch
operating | ever or plunger rests in a snoothly tapered notch in the valve
stem Wen the valve is operated, the stem noves toward the pipe
(closing) or away fromthe pipe (opening). As the stem noves, the switch
| ever or plunger noves up the incline at the edge of the notch and the
switch is actuated before the | ever or plunger is out of the notch.

Swi tch actuation causes a supervisory signal at the control unit and/or
renote receiver

3.7.1.2 Post Indicator Valve (PIV) Position Indicator. Figure
3-27 shows a PIV position indicating swtch nounted on the PIV. A PIVis
usual ly |l ocated outside the building and a | ength of underground conduit
and cabl e connects the switch with the building supervisory system

[retrieve Figures 3-26 and 3-27. OS&Y Val ve Position Supervisory Switch
Installation and PI'V Val ve Position]

A wal | -mounted PIV has the valve handl e and indicator switch
extending outside the building with the valve itself inside the building.
Li ke the OS&Y position indicator swtch, the PIV position indicator
switch is a | ever operated switch. (Figure 2-17 shows an unnounted
swi tch.)

The PIV spring | oaded | ever rests against the side of the open/shut
indicator, called a target. As the valve is operated--using a special
handl e or wench on the square operating nut at the end of the indicator
post--the target noves. The switch |ever follows that novenent. The
swtch is adjusted to cause a supervisory signal before the operating nut
has rotated two turns fromthe normal position or 20%of its full travel.

3.7.1.3 Butterfly Valve Position Indicator. A butterfly valve
is sonetines used to control the supply of water to sprinkler systens.
Figures 2-18 and 2-19 illustrate sone frequently used types and net hods
of mounting position indicating swtches on butterfly valves. The
di stinguishing feature of a butterfly valve that affects its supervision
is that its noving parts are concealed in a housing. The supervisory
device usually has a | ever or plunger extending through an opening in the
housi ng to sense val ve operati on.

3.7.1.4 Nonrising Stem Val ve Position Indicator. Nonrising
stemgate val ves are installed underground and controlled fromthe
surface by a wench or key. [If it is included in a supervisory signaling
system it normally requires an underground | ength of conduit and cable
connecting the building systemw th the underground val ve switch outside
the building. The housing of the device is made of a noncorroding
material such as brass. The switch itself (Figure 2-20) is a
magnetically operated sealed reed switch. Wen the valve is in its normnal
position, a magnet is adjacent to the reed switch. As the valve is
operated, the nagnet noves away fromthe reed switch. Wen the valve
w ench or key has rotated two full turns, the magnet is far enough away
fromthe reed switch to actuate it. Switch actuation causes a
supervisory signal at the control unit and/or renote receiver

3.7.1.5 Testing and Mi ntenance of Val ve Position Supervisory
Devi ces For efficiency, valve position supervisory devices are nornally



tested when other devices in the sane |ocation are being tested. They
shoul d be tested annually. Test the valve by turning its handle two
turns or 20%of its range fromits normal position. Check |ocal
i ndi cating device operation and renote signals while the valve is in this
position. If all signals are normal, restore the valve to its normnal
position, turn off local signals, and check for restoration of renote
signals. Obtain tel ephone or radi o comuni cations with the renote
receiving |l ocation before starting tests which include renote signaling.
3.7.1.6 Troubl eshooting. The usual defect discovered during

testing is a failure of local and renpte signals to operate when the
valve handle is turned two turns. Wen this occurs, operate the valve
handl e slowy beyond the two turns. |If switch operating parts are
vi si bl e, check them during valve operation. Look for |oose nounting
bolts, inproper switch adjustnent, or inproper installation.

Val ve position indicating switches actuated by a groove cut in a

val ve stem are frequently danmaged by inproperly cut grooves. |If the
groove is not gradual or tapered enough, the valve stem novenent may bend
the | ever or plunger of the switch. |In sone cases the damaged part can

be repaired, but generally the nost reliable repair is replacenent of the
conpl ete device and reworking the stem groove. Undanmaged parts of the
renmoved device can be used as spare parts.

| f adjustnment and the groove in the valve stemare normal, |ook for
broken wires and i nproper connections at the valve position switch
termnals. Always restore the valve to its normal position after testing
or repair and check with the renote receiving location to confirmthat
signals indicate conditions are nornal

3.7.2 Water Level Supervisory Devices. The water |evel in sprinkler
systemreservoirs nust be maintained within certain limts and there are
usual ly automatic controls for maintaining the desired water |evel.

Water | evel supervisory devices cause a supervisory signal when the water
| evel is not maintained between the desired high and low limts.

3.7.2.1 Float-Actuated Level Indicator. A float-actuated

level indicator is illustrated in Figures 2-21 and 3-28. The device is
mount ed outside on the rigid wall of a tank and a float and | ever arm
extend into the tank through a hole in the tank wall. A gasket seals the

edges of the hole

to the device. The float is held up by the water in the tank and the

| ever armfollows the up or down notion of the float as the water |evel
changes.

The lever armis pivoted at the wall of the tank. The end of the |ever
away fromthe float is arranged to operate one or two switches (one for
hi gh and one for Iow | evel s) when the float noves outside of nornal
limts. Sonme float-actuated devices use a chain connection to operate
the switch rather than a | ever

[retrieve Figure 3-28. Installation of Water Level and Water Tenperature
Supervi sory Devi ces]

3.7.2.2 Pressure-Actuated Level Indicator. The pressure-
actuated level indicator swtch is physically very simlar to the
bel | ows-operated pressure switches used for waterfl ow detection shown in
Figure 3-22. As the water |evel changes in a reservoir, the water



pressure at the | evel supervisory switch also changes. The switch can be
adjusted to actuate when pressure indicates a | ow water |evel or high
water level. The switches may be two separate devices with different
pressure settings or a single device which causes a signal for pressures
outside of the normal range. The device is usually connected to piping
near the bottom of the reservoir.

3.7.2.3 Electronic Level Indicators. Electronic |evel
indicators usually read the conductivity of water to cause an el ectri cal
signal. One arrangenent uses |long parallel electrodes which becone
imrersed in the water if it rises above a desired level. Wen the
el ectrodes are in the water, current flow through the water, between the
el ectrodes, is sensed by the associated electronic circuitry. This type
of device is nost frequently used to signal high water |evel and sel dom
used for fire protection water reservoirs.

3.7.2.4 Testing and Mai ntenance of Water Level Supervisory
Devices. Water |evel supervision devices are sealed with gaskets and
switch contacts are usually made of precious netal. They sel dom need
repair or replacenent. Term nal connections and nechani cal |inkages
shoul d be inspected annually and cl eaned or tightened as necessary.
Testing of water |evel supervision devices should be perforned sem -
annual | y. Wen inspecting, sinulate a supervisory signal fromthe
device. Manual operation of float |levers or switches confirns integrity
of signaling circuits and critical working parts. Short circuiting
device termnals with a screwdriver in a normally open circuit or opening
a normally closed circuit confirms circuit integrity.

If the device to be inspected is |located on an el evated tank, follow
proper safety procedures during inspection. |If a water |evel supervisory
device fails, replace only the defective part if possible. Munting an
entire device may involve draining the reservoir. Wen opening a seal ed
housi ng, be careful not to |ose screws or other small specialized parts
and not to damage gaskets. On reassenbly, tighten cover screws firmy
but do not overtighten causi ng gasket danmage or making future inspection
difficult.

3.7.2.5 Troubl eshooting. To troubleshoot water |evel
supervi sory devices, purposely cause an abnormal water |evel and note the
performance of the water |evel detector. |If a float |ever does not nove
wi th changing water |evel, operate the lever manually. |If the |ever
operates snoothly, the float may be | eaky and full of water and it should
be replaced. |If the |lever does not operate snoothly, clean the |inkage
and service it according to the manufacturer’s recommendations. |[If fl oat
and |inkage operation appears to be normal, and switch actuation
sinmulation (by short circuiting switch termnals in a normally open
circuit or by disconnecting a wire in a normally closed circuit) causes a
supervisory signal, the switch is defective and shoul d be repl aced.

3.7.3 Electric Fire Punp Supervisory Devices. Electric fire punp
supervi sory devi ces detect two abnormal electric fire punp conditions:
el ectric power off and punp running. The power nust be on for the punp
to be ready for use. |If the punp is running, the abnormal condition
signal indicates that the sprinkler systemis operating and requires nore
wat er than can adequately be supplied by other sources. (See Chapters 4
and 5 for nore information on fire punps.)



3.7.3.1 Punp Power Failure Indicator. The punp power failure
indicator is an ACrelay that is energi zed when punp power is avail able.
When power fails, the relay deenergizes, causing a supervisory signal.
For this feature, the power to energize the relay conmes from a point
ahead of the punp controller switch that energi zes the punp. Wen punp
power fails, the normally energized relay deenergi zes, causing a
supervi sory signal at the supervisory control panel which has its own
power supply.

3.7.3.2 Punp Running Indicator. The punp running signal may
be initiated by a set of contacts designed into the punp controller for
t hat purpose or by an added relay. The relay is energized by the sane
power that runs the punp, so that when power is switched on by the
controller to run the punp, the normally deenergi zed relay is energized
causi ng a supervisory signal

3.7.4 Engine-Driven Fire Punp Supervisory Devices. Engine-driven
punps are supervised for, punp power failure and punp running as well as
several other abnormal conditions not supervised for electric punps.

3.7.4.1 Punp Power Failure Indicator. Even though the punp is
engine driven, it requires electrical power to start the engine. This
power is normally supplied by a rechargeable battery charged by an AC
powered battery charger. The readiness of the battery to start the
engi ne depends on a constant supply of AC power. The power is supervised
in the sane way as for an electric fire punp.

3.7.4.2 Punp Running Indicator. The punp running indication
for an engine-driven punp is usually provided by contacts in the punp
controller. Sensing of punp running is acconplished by a centrifugal
switch at the engine. Actuation of that swtch causes relay action at
the controller. Contacts of that relay are used for supervisory
si gnal i ng.

3.7.4.3 Engine Malfunction Indicator. A fire punp engi ne
controller normally has separate supervisory signal initiating contacts
for several conditions which are synptons of engine mal function. These
conditions may be individually supervised or their associated contacts
may be connected to provide a single engine mal function supervisory
signal. Conditions indicated include: failure of the engine to start, |ow
oil pressure, high water tenperature, overspeed, and others. Al these
supervisory signals are initiated by individual relay actuation in the
engi ne controller. Actuation of each controller relay is caused by a
sensor and associated electronic circuitry at the engine. The sensors,
el ectronic circuitry and relays in the controller are parts of nodern,
engi ne equi pnent whether or not there is a supervisory signaling system

In newer equipnent, a failure to start condition is sensed by
el ectronic counting of cranking cycles. In older equipnment it is sensed
by the rise in tenperature of a starter current sensor. Low oil pressure
is sensed by a bellows type pressure switch. H gh water tenperature of
cooling water is sensed with a thernostat. Overspeed (indicating engine
governor failure) is sensed with a centrifugal switch which may be the
sanme switch used for a punp running indication. The sensing of a
mal function condition causes a supervisory signal and shutdown of the



engi ne to avoid engi ne danage.

3.7.4.4 Hand-Of-Automatic (HOA) Switch Position |Indicator.
The punp engine controller provides several nodes of control selected by
a multi-position switch on the controller panel. In the "off" position
of the switch the engine will not run. In the "hand,” "manual," lion,"
or "test" (the label varies with different manufacturers) position of the
switch, the engine starter is activated and the engine starts, if other
conditions are normal. When the HOA switch is in the automatic or norma
position, the punp starts automatically on pressure demand and may be
arranged to shut off automatically at the end of a tined period (usually
about 6 mnutes) if water

demand conditions no |longer require the punp to run. However, sone punps
are arranged for automatic starting, but only manual shut off. [If the
HOA switch is in any position other than automatic (normal), it causes
relay actuation in the controller which causes a supervisory signal

3.7.4.5 Fuel Level Indicator. A float-actuated switch in the
fuel tank causes a supervisory signal when al nost enpty.
3.7.4.6 Testing and Mai ntenance of Fire Punp Supervisory
Devices. Fire punp supervisory devices that can be tested wi thout risk of
engi ne damage should be tested annually. To test, cause an abnor nal
condition, if practical, and note the signals received at the building
supervisory control panel and at the renote signal receiving |ocation.
o] Punp Power Failure Indicator, For both electric and
engi ne-driven fire punps, test by operating the di sconnect
switch supplying power to the punp or engine. This should
not be confused with any separate di sconnect swtch
supplying power to a snaller jockey punp. Turn the
di sconnect switch to the "off" position, note the proper
recei pt of signals, restore the switch to the "on"
position, and note the restoration of signals to their
nor mal conditi on.

o] Punp Running Indicator. Actuate the punp running

supervi sory
device by running the electric or notor-driven fire punp.
The punp may be manually switched on or the water pressure
at the punp controller can be reduced to the "punp on"
pressure by releasing water at the test cock, usually
provi ded at the controller. Reclose the test cock after
the punp starts. Confirmthe proper receipt of signals,
wait for the punp run timng period to expire, usually 5
to 7 mnutes, and confirmrestoration of signals to their
normal condition when the punp stops. To stop the punp,
if a punp timer is not installed, turn the HOA switch to
the "off" position and then to the automatic" position.

I f both HOA switch supervision and punp running supervision are
provi ded on the sane initiating circuit, conduct the punp running test by
bl eeding off water pressure at the controller test cock, not by operating
the HOA switch. If punp running supervision is tested by switching the
HOA switch to the "hand,” "on," or "test" position, it may not be
possible to determne if the signal was initiated by the punp running or



by the HOA switch position supervisory device. Oherwi se, the HOA switch
supervi sory signal and the punp running signal on the sane circuit cannot
be di stingui shed.

o] Engi ne Mal function Indicator. The engine mal function
conditions of |ow oil pressure, high water tenperature,
and overspeed nust be sinulated. Actually causing the
condition would risk engi ne danmage. To simulate
mal function conditions, short circuit or junp the
i ndi vidual sensing switches, one at a tine. See the
engi ne controll er manufacturer’s installation and
operation manual for the proper termnals to junp for
sinmulation. There is usually a delay provided for
actuation of the low oil pressure signaling relay so that
nmomentary drops in pressure do not cause a supervisory
signal, Wien sinulating low oil pressure, maintain the
j unper connection for 20 seconds or nore.

The failure to start condition is usually sinulated by di sconnecting
the wire that controls the fuel solenoid and operating the HOA switch to
the "hand," "manual ," or "test" position. This causes the starter to
crank the engine, but the engine will not start due to a |ack of fuel.
After approximately six cranking cycles the "failure to start" signal
should be initiated. |If HOA switch position is supervised on the sane
circuit with engine failure to start, cause engi ne cranking by bl eedi ng
of f water pressure at the controller test cock.

o] Hand- O f - Automatic (HOA) Switch Position Indicator.
Operation
of the HOA switch to the "off" position should cause a
supervisory signal indicating that the swtch is in a
position other than "automatic" or "normal." Operation of
the switch to the "hand,"” "manual ," or "test" position
shoul d al so cause this sane supervisory signal, but HOA
sw tch supervision may be connected to the sane circuit
(zone) as the punp running signal. Operating the HOA
switch to the "hand,” "manual ," or "test" position causes
the engine to run and causes a punp running signal. The
HOA swi tch supervisory signal and the punp running signal
on the same circuit would not be distinguishable.

o] Fuel Level Indicator. Sinulate a |low fuel condition by
junmping the float swtch termnals. Consult the engine
controller manufacturer’s manuals to see which termnals

to junp.

3.7.4.7 Troubl eshooting. Consult the engine controller
manuf acturer’s manual s for recommendati ons in troubl eshooting the built-
in sensors and relays. Service added-on relays for supervising punp
power failure and electric punp running according to the earlier section
on relays in this chapter. Usually, troubl eshooting will involve
| ocating the relay associated with the particular signal that failed,
removing that relay and adjusting, repairing or replacing it.

3.7.5 Tenperature Supervisory Devices. Tenperature supervisory



devices are used to avoid freezing water for fire protection systens.

3.7.5.1 Low Air Tenperature Indicator. Wt pipe sprinkler
systens are used only in heated buil dings because sprinkler pipes
otherwise would freeze in cold weather. A low air tenperature device may
be |l ocated in each cold area of a building where the earliest freezing of
pipes is expected if heating fails. The usual tenperature settings used
are 40 deg. and 45 deg. F. In a shipping dock area, which often may have
doors open, usually the lower (40 deg. F) setting is used. The 45 deg. F
setting is for spaces which are normally kept at a hi gher tenperature.
The devices may be adjustable thernostats or they nay be seal ed factory-
set thernostats. Figure 2-15 is a photograph of an adjustable device
frequently used.

3.7.5.2 Low Water Tenperature Indicator. Low water
tenperature devices are usually installed in outdoor water reservoirs.
They are usually sealed factory-set thernostats. They may al so have a
hi gh tenperature setting in the sane device. The nost frequent |ow
tenperature setting is 40 deg. F. The high tenperature setting, if
provided, is usually 140 deg. F. Figure 3-28 shows a tenperature sensing
device as installed through the wall of a reservoir.

3.7.5.3 Testing and Mai ntenance of Tenperature Supervisory Devices.
Tenper ature supervi sory devices should be tested sem -annually. Both the
seal ed and adjustable |Iow air tenperature devices may be tested by
spraying with an aerosol coolant spray often used for testing of
el ectronic parts and circuits. The adjustable devices may be tested by
an alternate nethod if the adjustnment range of the thernostat includes
the roomtenperature existing at the tine of the test. The original
setting is first noted, and the adjustnent is changed toward the existing
roomtenperature. A |low tenperature supervisory signal should result
when the adj ustnent passes the existing roomtenperature. Confirmthe
proper receipt of signals and restore the thernostat adjustment to its
original setting.

It is usually inpractical to performa conplete test of a | ow water
tenperature supervisory device because the device is subnmerged and the
sensing elenent is inaccessible. |If the sensing elenent can be renoved
fromthe housing, it can be tested with cool ant spray as described for
the low air tenperature device. Oherwise, test the circuit up to the
device termnals by short circuiting the termnals for a normally open
device or renoving a wwire froma termnal for a normally cl osed devi ce.
This sinulates a tenperature supervisory signal. At test tine, the
term nals should be inspected and cl eaned of any corrosion. Check
ti ghtness of term nal screws.

3.7.5.4 Troubl eshooting. Tenperature devices which do not
respond to the test should be replaced and the defective device returned
to the manufacturer for repair.

3.7.6 Ar Pressure Supervisory Devices. Air pressure supervisory
devices are bellows actuated pressure switches as described in Section
3.6.5.1. Usually the air pressure supervisory devices are adjusted to
actuate at | ower pressures than the water pressure sensors.

3.7.6.1 Dry Pipe Sprinkler Air Pressure Indicator. Both high



and low air pressures are usually supervised for a dry pipe sprinkler
system One device with a high and a low setting is used. The |ow
setting is 5 to 10 psi above the | owest safe systemair pressure to avoid
unintentional tripping of the dry pipe valve. That |owest safe air
pressure is determ ned by the dry pipe valve design and the water supply
pressure, including surges. The high air pressure setting for the
supervisory device is usually 18 to 20 psi above the | ow pressure
setting.

The neaning of a |low air pressure supervisory signal is that the
normal nmeans of maintaining air pressure has failed and nust be corrected
soon or the dry pipe valve will trip. A high air pressure signal neans
that the pressure switch controlling the conpressor has failed to turn
of f and danage to the conpressor may result if power is not imrediately
di sconnect ed. Manual control of the conpressor would be required until
the switch is repaired.

3.7.6.2 Heat-Actuated Device (HAD) Air Pressure Indicator.
Heat - act uat ed devi ces are pneunmatic devices frequently arranged in a
systemwhich is slightly pressurized. An alnost constant | ow pressure of
a few ounces per square inch is maintained by a small conpressor so that
an air leak in the systemcan be detected. The low air pressure switch
is usually factory-set at a pressure slightly below the normal starting
pressure for the conpressor.

3.7.6.3 Pressure Tank Air Pressure Indicator. A pressure tank
air pressure supervisory device causes a signal for air pressures outside
the normal range in a pressure tank type water reservoir. Simlar to the
high/low air pressure switch for a dry pipe system it is usually nounted
on the reservoir tank wall
3.7.6.4 Testing and Mai ntenance of Air Pressure Supervisory
Devices. Test air pressure supervisory devices sem -annually when ot her
devices in the area are being inspected or tested. Test pressure sensors
for dry pipe and HAD systens carefully. Dropping the air pressure to
obtain a | ow pressure signal can cause unintentional tripping of a dry
pi pe val ve or other associated sprinkler system
o] Dry-Pipe Sprinkler Air Pressure Supervisory Device.
Bef or e
testing, calculate the approximate air pressure for
tripping the dry valve so an unsuccessful test can be
stopped before that pressure is reached. Note the water
pressure on the supply side of the dry valve and add
approximately 20 psi to that reading to allow for possible
pressure surges during the test. Divide that pressure by
five (or actual ratio between supply water pressure and
systemair pressure for the particular valve) to obtain
the | owest safe air pressure. A nore precise figure
shoul d be on the manufacturer’s instruction sheets for the
dry valve. Note whether an accel erator or exhauster is
provided for the dry pipe system

Slowy bleed air fromthe systemside of the dry valve fast enough
to register on the gauge, but not so fast as to risk tripping the dry
val ve. Use the small gl obe valve or |ever valve provided for the purpose.
Keep the



rate of pressure drop quite slow if an accelerator or exhauster is
installed. At sone pressure, the air maintenance conpressor should start.
Not e that pressure, shut off the conpressor power, and continue bl eedi ng
off air. A

| ow air pressure supervisory signal should be initiated 2 to 5 psi bel ow
the conpressor starting pressure and at |east a few psi above the | owest
safe air pressure cal cul ated above.

During the test, check the supply water pressure gauge occasionally
for any increase in pressure which could affect the | owest safe air
pressure previously calculated. |If water pressure changes, recal cul ate
the low air figure so that the test can be discontinued before that
pressure is reached. Wen the |ow air pressure supervisory signal is
obtained, note the air pressure reading for future reference, close the
bl eed-of f val ve and restore conpressor power. Be sure the supervisory
signal restores to a normal indication when the air pressure is back
within its normal range. Note the pressure at which the conpressor shuts
of f.

A high pressure supervisory signal is often difficult to obtainin a
dry pipe systemsince it requires bypassing the pressure switch contacts
whi ch cause the conpressor to shut off when normal pressure is reached.
Usually the easiest way to do this is to junper the switch termnals. To
avoi d el ectrical shock, turn off conpressor power first, junper the
termnals and then restore power. The high air pressure supervisory
si gnal shoul d be obtained when air pressure reaches 5 to 15 psi above the
normal conpressor cut-off pressure. |If the pressure relief valve opens,
relieving the excess

pressure, before the supervisory signal occurs, check if the conpressor
control settings and the | ow pressure supervisory signal setting were
correct. Discontinue the high pressure test if other settings were
proper. Shut off conpressor power, renove the junper, and restore
conpressor power. Bleed off systemair pressure until restoration of the
hi gh pressure signal to normal (if it was obtained) occurs. C ose the
bl eed-of f val ve.

o] Heat - Act uat ed Device (HAD) For Air Pressure Supervision.
HAD

systens are often used as the fire detectors for del uge
sprinkler systenms or other special hazard fire
extingui shing systens. Test HAD air pressure supervisory
devices very carefully or the associated fire
extingui shing system may be actuated, causing water damage
and di sruption of normal activities. Mechanically
deactivate any associated fire protection systemusing the
manuf acturer’s recommended net hod before starting the
test.

Locate the test plug in the HAD header block (it is usually a
hexagonal headed plug). Loosen the plug only slightly to allow a sl ow
| eak of air fromthe HAD system (Cbserve the pressure drop on the gauge
usual ly supplied for this purpose, and note the pressure at which the | ow
pressure supervisory signal occurs. Wen the air pressure naintenance
conpressor starts, note the pressure and whether or not the pressure



continues to drop. It nmay be necessary to turn off conpressor power or
increase the rate of air loss to cause the pressure to continue to drop
and reach the | ow pressure supervisory signal setting. After obtaining
the signal, tighten the test plug and restore conpressor power. Test for
air leaks at the test plug with soapy water or other bubble solution, and
retighten the plug if necessary. Confirmthat the | ow pressure signal
restores to a normal indication, and reactivate any associated fire
protection system

o] Pressure Tank Air Pressure Supervisory Device. Test this
device the sane way the air pressure supervisory device
for a dry pipe sprinkler systemis tested. Test for |ow
pressure actuation of the device by releasing air fromthe
tank to obtain the | ow pressure setting. It may be
necessary to shut off power to the air mnaintenance
conpressor to permt an uninterrupted pressure drop. Test
for high pressure actuation of the supervisory device by
junpering the conpressor control switch term nals which
normal |y open when normal pressure is reached. |Instal
and renove the junper with conpressor power off to avoid
el ectrical shock. Restore conpressor power with the
junper on to increase pressure and obtain the high
pressure signal. Renove the junper when the high pressure
signal is obtained. Release air again to restore nornma
pressure to the tank. Confirmthat supervisory signals
restore to their normal indication.

3.7.6.5 Troubl eshooting. The nost frequent cause of failure
in pressure supervisory devices is msadjustnment of the pressure swtches
at installation. |If pressure switches have operated properly in the past
and records are kept at the pressure settings obtained during previous
tests, a failure to obtain approximately those sane readi ngs indicates
either a circuit problemor device failure. (See Section 3.5.3 for
circuit troubl eshooting.)

A device failure usually requires replacing the device, adjusting the new
device to the old settings, and returning the defective device to the
manuf acturer for repair. Have the manufacturer adjust the pressure set
points to the requirenents of the application.

3.7.7 Oher Supervisory Devices. Oher supervisory devices my be
encountered. They will usually be designed for unusual situations which
do not allow the use of the nore commopn supervisory devices. The
principles of operation are generally the sane as those di scussed, but
physi cal nounting provisions or other details may vary. Figure 2-23
shows a supervisory device for sprinkler control valves which is used
only when the standard OS&Y or butterfly val ve supervisory devi ces cannot
be used. If the valve handle is rotated to close the valve, tension on
t he wat er proof cabl e | ooped through the valve handle pulls out a plug
fromthe device and breaks the normally closed supervisory circuit. A
simlar device, used in normally open circuits, uses a magnet and reed
swi t ch.

3.7.7.1 Testing and Mai ntenance of O her Supervisory Devices.
Test other supervisory devices annually by creating or sinmulating the



abnormal condition, confirmng the receipt of supervisory signals,
restoring the condition to normal, and confirm ng restoration of
supervisory signals to their normal indication.

3.7.7.2 Troubl eshooting. Determine first whether the failure
is acircuit or a device failure. Electrically simulate the device
actuation by short circuiting device termnals for normally open circuits

or by disconnecting a wire for normally closed circuit. |If signals are
properly initiated by simulation, the device in question is defective.
If the problemstill exists, the circuit is defective and further tests

are required to locate the fault (see Section 3.5.3).

3.8 ALARM | NDI CATI NG DEVI CES. Alarmindicating devices are the |lights
or sounding devices that indicate a fire alarmor abnormal condition.
These |ights and sounds may al so provide information about where the

si gnal ori ginates.

3.8.1 Visual AlarmlIndicators. There are various types of lights
for visual alarmindicators.

3.8.1.1 Zone Annunci ator Lanps. Zone annunci ator |anps are
described in Section 3.3.9. Figure 2-2 is a photograph of an annunci at or
whi ch uses incandescent | anps.

3.8.1.2 Flashing Evacuation Al arm Lanps. Evacuation alarm
| anps are usually installed with an audi bl e device. The flashing feature
is sonetines created by pul sating the power source for only the [anp at
the control unit or by a thernostatic or solid state flasher built into
t he evacuation alarmlanp assenbly. The [anp assenbly with built-in
fl asher does not provide supervision of the operability of the flasher
and a defective flasher is not detected until a test or alarm occurs.

3.8.1.3 Rotating Evacuation Al arm Beacons. Rotating beacons
provide a flashing Iight. The power source is constant during an alarm
and, instead of a flasher, the beacon assenbly contains a notor and gear
drive which rotates a set of reflectors around a centrally |ocated | anp.

3.8.2 Audible AlarmiIndicators. Audible alarmindicators are
el ectromagneti c devi ces which produce sound when energi zed.

3.8.2.1 Bells. A bell consists of nmany of the sane parts as a
relay and operates on the sanme principle. The bell contains an
el ectromagnet conposed of a coil and core. The core is nagnetized when
the coil is energized with electric current. A pivoted, spring-Ioaded
armature is attracted to the core when the core is magnetized. As the
armature noves toward the core, a set of contacts connected in series
with the power source is interrupted by the armature novenent and power
i s disconnected fromthe coil. The spring returns the armature to its
original position, closing the contacts and restoring power to the coi
to start a new cycle.

A bell clapper is attached to the armature and physically arranged so
that it strikes a gong with each cycle of vibration. The clapper may be
a pivoted | ever type or a plunger type. |In the plunger type, the plunger
beconmes the noving core of a solenoid when the coil is energized,
ot herw se the operation is simlar to the pivoted |ever type. A typical
bell is shown in Figure 2-8.



In single stroke bells, the contacts are elimnated. The
el ectromagnet prevents full rebound of the clapper after the gong is
struck until power is renoved. Each new application of power causes a
single full stroke of the clapper. Single stroke bells are frequently
used in coded building al arm systens.

3.8.2.2 Horns. Sone horns.operate |ike bells. There is an
el ectromagnet with its coil and core, and the armature which is attracted
to the core is the vibrating di aphragmthat causes the noise. A set of
contacts connected in series with the power source is operated by the
vi brating diaphragmjust as the contacts were operated by the armature in
the bell. Figure 2-8 shows a typical horn of this type. Oher horn
designs use a notor driven camto vibrate the di aphragm

3.8.2.3 Chines. Chines operate very nuch |like the single
stroke bell. In chimes, the noving part is a plunger which also acts as
the core of a solenoid. Wen power is applied, the plunger noves to
strike a flat rectangul ar plate and rebounds enough to allow the plate to
continue to vibrate. Wen power is renoved and reapplied, the plunger
strikes the plate again, one time for each power application. The chine
is not as loud as the other audible devices so it is popular for hospital
use and for sone coded building alarmsystens. Figure 2-8 shows a
typi cal chi ne.

3.8.2.4 Speakers. Speakers are becom ng increasingly popul ar
for alarmuse because of their versatility. They can reproduce a variety
of sounds. In nmulti-story building alarm systens, speakers may be used
to reproduce a siren type sound alternating with a recorded nessage which
gi ves evacuation instructions (that is, provides text material, thereby
referred to as textual indicating device).

Speakers are el ectromagnetic devices also. There are many speaker
desi gns but one of the nbst common is the permanent magnet speaker. The
speaker coil is cenmented to the center of the speaker cone. The coil is
| ocated within the magnetic field of a permanent magnet. Sound is
reproduced by supplying a varying alternating current to the speaker coi
froman anplifier. The alternating current causes the coil to produce
its own varying magnetic field which alternately opposes and reinforces
the fixed magnetic field of the permanent magnet. The coil experiences a
varying magnetic force which causes the core to vibrate at the frequency
of the alternating current and with an anplitude proportional to the
anplitude of the alternating current.
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3.8.2.5 Testing and Mai ntenance of Al arm | ndicating Devices.
Test alarmindicating devices nonthly with the nonthly inspection. Wen

convenient, the test may be conbined with a fire drill. Test by
operating the drill switch or the test switch at the control unit or by
actuating an initiating device. |If the test switch or an initiating

device is used, notify the renote al arm headquarters because renote
signal transmtters and other auxiliary features will be actuated by such
a test.

VWhile there is an alarmcondition, check all the indicating devices
and note any that fail to operate properly. Audible devices should
produce | oud, clear, consistent tones and coded system codes shoul d be
clearly readable. Visual devices should be bright and steady or
pul sati ng, as intended.

| nspection of indicating devices should be planned such that every
device is tested at | east once a year. A record should be maintained
docunenting tests of indicating devices for the previous five years.

Test annunciator |anps by operating a "lanp test” switch, if it is
provi ded. O herw se, cause an alarmand a trouble condition on each zone.
It is usually convenient to cause these conditions at the control unit
initiating circuit termnals. Renpte annunciators should be tested sem -
annual Iy for proper operation.
3.8.2.6 Troubl eshooting. Periodic cleaning nmay be required
for indicating devices. A recomended checking and cl eani ng procedure
may be included in the manufacturer’s literature. The frequency of
cl eani ng needed depends on the anbient conditions. Wen a single
indicating device fails to operate, it is usually defective. |If a group
of devices fails to operate, the fault is usually a defective circuit.
Circuit troubl eshooting was di scussed earlier in this chapter in the
section about maintenance of control and auxiliary units (Section 3.5.3).
o] Zone Annunci ator Lanps. Wen annunciator lanps fail to
function, it is either because the lanp is defective or
the lanp is not meking proper contact with the [anp
socket. See Section 3.3.9 for nmethods of checking | anps
and sockets.

o] Fl ashi ng Evacuation Al arm Lanps. Check lanps froma

fl ashi ng
| anp assenbly that fail to function using information in
Section 3.3.9. If the lanp is good but still fails to
function in the assenbly, check that voltage fromthe
control unit is present at the assenbly termnals. |If
voltage is present, replace the flasher and return the
defective flasher to the manufacturer for repair or
repl acenent .

For | anps connected to control equi pnent that supplies a pul sating
voltage for signaling an alarm failure of good lanps to flash or |ight
at all indicates a failure of the pul sating power source in the control
unit. Proceed with troubl eshooting or return of equipnent to the
manuf act ur er.

o] Rot ati ng Evacuation Al arm Beacons. |If a rotating beacon
fails
to light but voltage is supplied, it indicates |anp
repl acenent is necessary (see Section 3.3.9). If the lanmp



[ights, but the reflector assenbly fails to rotate, a
notor or gearing failure is the probable cause. Unless a
solution is obvious, return the conplete assenbly to the
manuf acturer for repair.

o] Bells. Defective bells usually require contact cleaning
or
gong adjustnent. (Some bell designs do not provide for
gong adjustnent.) Cl ean contacts with a burnishing tool, a
comon repair too

for relays. |If the bell buzzes but does not ring, adjust
the gong. Bells that allow for gong adjustnent have a
gong wth an off-center nmounting hole so that rotation of
t he gong around the nounting bolt noves the inner surface
of the gong rimcloser to or away fromthe bell clapper or
plunger. Only slight adjustnment should be necessary.

If no sound is obtained after contact cleaning, check continuity of
the bell coil. Infinite resistance indicates a burned out coil or a
broken wire. Replace the coil if practical or return the bell to the
manuf acturer for repair.

o] Horns. Horns which fail to operate or produce adequate
sound

usually require adjustnment. A small screw adjustnent is
usual ly provided for volune adjustnent. Mke the
adj ustment while power is applied so that the desired
vol une can be determ ned during the adjustnent. Check the
manufacturer’s material to |ocate the adjustnment screw.
If horn volume is still inadequate or intermttent, clean
contacts with a burnishing tool, such as used for relay
contacts. Sone disassenbly of the horn is necessary to
reach the contacts.

o] Chinmes. Chinmes are single stroke devices that only
pr oduce
t he conventional chinme sound when subjected to a pul sating
voltage. Unsatisfactory chine performance nmay be the
result of application of a nonpul sating vol tage rather
than a defective chine. |If a chinme does not perform
properly with a
pul sati ng power source, check coil continuity with an ohmreter and
replace the coil if there is no continuity. |If the coil shows continuity
and there is sone plunger notion when power is applied, the problem may
be because of dust or dirt or wear between noving parts. D sassenbly of
the parts, cleaning, and reassenbly may cure the problem The parts may
be lightly lubricated, if reconmended by the manufacturer.

o] Speakers. If a speaker rattles during an alarm nounting
screws may be |oose. Intermittent performance may
i ndi cate | oose connections at termnal screws. Tighten
mounting and termnal screws firmy. Fuzzy sound may be
due to a damaged cone. Return speakers wth danaged cones
to the manufacturer for repair. Failure of a speaker to



operate may indicate that its coil is defective. Check
coil continuity and, if found to be infinite, return the
speaker to the manufacturer for repair.

3.9 CONNECTI ON OF BU LDI NG ALARM TO BASE ALARM SYSTEM  To have
continuous nonitoring of building alarmsystens w thout having individual
per sonnel continuously on duty at the buildings, many mlitary bases have
a base alarmsystemw th individual alarns throughout the base connected
to transmt signals to a central |ocation

3.9.1 Signals Transmtted to Base Al arm Headquarters. The types of
signals transmtted to the base fire alarm headquarters are usually
l[imted to the foll ow ng:

o] Fire Alarns (waterflow, automatic fire detection, manual, and

evacuation signals).

o] Sprinkl er Supervisory (closed valves, |ow tenperature, and fire
punp signals).

o] Building Fire Alarm System Trouble (circuit problens and power
of f).

O her types of alarmsignals are not usually transmtted to the fire
al arm headquarters to avoid possi ble confusion of signals which could
reduce the effectiveness of fire protection. Burglar alarmsignals,

i ndustrial process signals, and environnental control systemsignals are
usually transmtted to a separate |ocation. Sone sophisticated nultiplex
systens transmt all the above types of signals to one |location with fire
alarmrelated signals taking first priority and causing different, easily
di stingui shabl e audi bl e and vi sual indications at the receiving consol e.

3.9.2 Connection to Noncoded Base Al arm System Noncoded base
al arm systens are usually the reversal signal or the direct wire type.
Both types require a pair of tel ephone type wires or one wire and an
earth ground connection. Reversal signal transmi ssion is discussed in
Chapter 2, under "Base Al arm System Conponents,” and earlier in this
chapter (Section 3.4.1).

Direct wire signal transm ssion requires a way to change the
signaling circuit resistance at the transmtter end so that current
changes at the receiver can be interpreted as trouble, normal, and alarm
conditions. The power source for direct wire signaling circuits is
usually located at the base fire alarm headquarters. The wires nmay run
over head or underground between transmtter and receiver, and there is a
separate transmitter/ receiver pair for each connection to the base
system The receiver is usually a plug-in nodule in a receiver rack or
cabi net .

3.9.3 Connection to Coded Base Alarm System Coded base al arm
systens may be MCul | oh, nunicipal, or nultiplex types. Signal
transm ssion and wiring for MCull oh and nunicipal types between coded
transmtters and the receiver are simlar. A pair of wires and an earth
ground connection connect the transmtter with the base signaling
circuit. The pair of wires connects the transmtter into the series |oop
circuit which termnates at the receiver. The ground connection provides



the Cass A capability to transmt and receive signals with one fault on
the circuit. Consult NFPA 72B for further detail on the various
muni ci pal transmtter tripping nethods and wiring from buil ding systens
to municipal transmtters.

Various nultiplex system designs place different requirenents on the
i nterconnecting wiring. Mst designs require shielded cable between
renote |ocations and the receiver. Figure 2-25 is a block diagramof a
typical nultiplex system

3.9.4 Bypassing Base Al arm Connection for Building Alarm System
Testing. To facilitate testing alarm systens in buildings wthout
causi ng unnecessary alarmsignals at the base fire al arm headquarters,
bui | di ng al arm systens frequently have a switch for deactivating the
bui | di ng connection to the base system Operating the switch to the
bypass position usually causes

a trouble indication at the building control unit as a rem nder to
reactivate the connection to the base system when tests are conpl et ed.
Because of the possibility of leaving a building system di sconnected from
t he base system sone |ocal authorities do not allow the use of bypass
Swi t ches.

3.10 BASE ALARM SYSTEM EQUI PMENT. The met hod of connecting al arm
systens or devices to the base al arm system depends on the nunber or
density of signal initiating devices in a building or area as well as the
type of base system If many initiating devices are |located in a

buil ding, they are usually part of a building system If initiating
devices are further apart, such as one device per building, there may be
no buil ding system

3.10.1 Connection to Building Alarm System Building alarm systens
have a control unit where all wiring for the systemterm nates. Building
systens are connected to the base alarm system by an auxiliary al arm
relay or relays in the control unit. This relay may act as the renote
signal transmtter (as in current reversal base systens), nay cause
actuation of a transmtter (as in MCulloh or nunicipal transmtter base
systens), or nmay cause a change in state which is interpreted as an al arm
by a base multiplex system

Wien there is a building system one fire alarmtransmtter for the
building is actuated by the building control unit. There may also be a
separate transmtter for the building supervisory devices actuated by a
supervisory auxiliary relay in the supervisory control unit. The
supervisory control unit functions may be perfornmed by the fire alarm
control unit.

3.10.2 Direct Connection to Fire Al arm Supervisory Devi ce.
I ndi vi dual coded initiating devices are frequently connected directly to
the base alarmsystem not to a building system particularly in the case
of McCull oh coded base al arm systens. The coded initiating device may
al so have swtch contacts which are connected to cause an alarmin a
bui l di ng systemor sinply to cause soundi ng of one audi bl e devi ce near
the initiating device. Direct connection of initiating device
transmtters to the base alarmsystemis
usual |y used when there are only one or two initiating devices in a



buil ding. A typical application of this type may have two sprinkler
waterflow transmtters and a sprinkler supervisory transmtter in a
war ehouse connected to a base alarm system McCul |l oh signaling circuit.
The two waterflow transmtters may each ring a local bell to alert
occupants and to |l ocalize

t he cause of any al arm

3.10.3 Base Alarm System Circui ts.

3.10.3.1 Tel ephone Type Wring. Telephone type wiring
circuits are characterized by central offices where all the tel ephone
line pairs for areas near the central office are routed and any permanent
connections between the individual pairs are nade. Mdern tel ephone type
wiring is also underground and is maintained by a civilian tel ephone
conpany or a mlitary branch specializing in conmunications.
o] Noncoded Renpte Station. A noncoded renote station has
i ndi vi dual receiver nodules for each fire alarmor
supervisory transmtter. A pair of tel ephone wires, or
one wire and a ground connection, connect each transmtter
Wi th each receiver nodule. That pair of tel ephone wres
is dedicated for the transm ssion of signals fromonly
that one transmtter to its renote station receiver
nodul e.

o] Coded Central Station. A coded central station typically
uses
t he McCul | oh coded signaling nethod. A MCulloh signaling
circuit is a |loop, both ends of which term nate at the
receiver. A nunber of transmtters, typically 10 to 25,
is connected to each signaling circuit.

Each transmtter has its normally cl osed codi ng contacts connected
in series wwth the loop. Each transmtter and the central station have
an earth ground connection independent of the tel ephone type wiring. The
circuit is electrically a loop, but is physically formed from
conventional tel ephone |Iine pairs.

o] Multiplex. In a multiplex type base alarm system each
bui l di ng protected by the systemtypically has one or nore
data gathering panels with signal initiating circuits
connected. Each data gathering panel is typically
connected to the nmultiplex receiver with a voice grade
shi el ded pair of telephone wires. See the block diagram
of Figure 2-25.

3.10.3.2 Plant Type Wring. Plant type wiring is independent
fromtel ephone facilities, including central offices, and is usually
mai nt ai ned by the user organization. Plant type wiring is totally
dedi cated to the use of the base alarm systemand has its own conduit and
junction boxes.

o] Coded Municipal. A coded nunicipal base systemis
electrically very simlar to the coded McCul | oh system
However, the transmtter for the nunicipal systemis
usually |l ocated outside the building and is connected to
the building systemby a pair of wires which either supply



energy fromthe building systemfor starting the
transmtter (local energy trip) or forma shunt across the
transmtter tripping coil and start the transmtter when
the shunt circuit is broken (shunt trip) with energy from
t he al arm headquarters through the nunicipal circuit.

o] Coded Proprietary. A coded proprietary base systemis
usual I'y
wired |ike the coded central station base systemw th the
di fferences descri bed under "Plant Type Wring".
o] Coded Multiplex. A coded nmultiplex base systemis wred
like

the nmultiplex system descri bed under "Tel ephone Type
Wring" with the differences described under "Plant Type
Wring".

3.10.3.3 Radio Frequency Type. The radio frequency type base
systemis simlar to the nunicipal type system The individual radio
call box transmtter is not a part of the building system but is a part
of the base systemand is |ocated outside the protected building. There
is wring between the radio call box and the building systemto trip the
radio call box transmtter and maintain the rechargeable battery in the
radio call box, if provided. There may be an interface panel in the
building to provide the special features required by the radio call box
and the functions usually provided by a building alarm system contr ol
unit. In addition it provides charging current for the radio call box
battery, individual zone actuation of the radio call box, and supervision
of interconnecting wring between the interface panel and the radio cal
box.

The wiring between the building systemand the radi o frequency
transmtter consists of at least a pair of wires for the fire alarm
function and usually one additional wire for each additional coded
function, such as individual fire alarm zones or supervisory signals.
The link between the transmtter |ocated near the building and the base
fire alarm headquarters is radio frequency transm ssion instead of the
wire used in the nunicipal type system

3.10.3.4 Testing and Mai ntenance of Base Al arm System
Circuits. Test the base alarmsystemcircuits nonthly under nor nal
circuit conditions. Test Class A base alarmsystemcircuits, those with
the capability of continued operation with one fault on the circuit,
quarterly under fault conditions.
The McCulloh circuit test with faults should be perfornmed as foll ows:

1. G ound the signaling circuit at a transmtter, using the device

ground. Confirm ground detection at al arm headquarters.

2. Have receiver nonitoring personnel operate the circuit
condi ti oni ng
switch for circuit operation with a ground, if conditioning is
not automati c.

3. Actuate a transmitter on each side of the ground fault
separately
and confirmthat received codes are clear and identifiable.



4. Renmove the ground fault fromthe circuit and confirmthat a
nor mal
circuit condition is indicated at the receiver.

5. Have receiver nonitoring personnel operate the circuit
condi ti oni ng
switch for normal operation if conditioning is not automatic.

6. Di sconnect one wire of the signaling circuit at a transmtter.
Confirmopen fault detection at the receiver.

7. Have recei ver nonitoring personnel operate the circuit
condi ti oni ng
switch for operation with an open fault if conditioning is not

aut omati c.
8. Actuate a transmitter on each side of the open fault separately
and confirmthat received codes are clear and identifiable.
9. Reconnect the disconnected wire, confirmindication at the
receiver

of circuit return to normal, and have receiver nonitoring
personnel operate the circuit conditioning switch for nornma
oper ati on.

Tests for nmunicipal type signaling circuits and other wired circuits
shoul d follow the sane principles described for McCulloh circuits. Radio
frequency required tests are conducted automatically each day in approved
systens. Performother tests according to equi pnment manufacturer’s
i nstructions.

3.10.3.5 Troubl eshooting. Base alarmsystemreceivers usually
give automatic indication of a fault and the type of fault. Locate the
fault the same as for Cass Ainitiating circuits. Sonetinmes it is
unnecessary to follow the detailed troubl eshooting nethod if you renenber
that a transmtter which does not conplete a cycle can cause a ground or
open fault by stopping with signaling contacts in the grounded or open
condi tion.

Revi ew recently received signals on the circuit that has the fault
to identify the last transmtter to operate before the fault appeared.
Al so check to see if all code sequences of that signal were conplete.
Check that transmtter to see if the coding camis in its norma
position. If not, rewind the spring notor or check the power supply for
the transmtter. When power for the transmtter is restored, the code
sequence should run to conpletion and renove the circuit fault.

3.10.4 Transmtters.

3.10.4.1 Noncoded Transmtters. Noncoded transmtters al nost

al ways consi st of one or two relays arranged to reverse vol tage and
current on a pair of wires to the base al arm headquarters or to change
resistance in the renote signaling circuit. The reversal relay
arrangenent is discussed in Section 3.4.1.6, "Renote Signal
Transmitters.” Relays are discussed in Section 3.3.1. The transmtting
arrangenment whi ch causes a change in resistance has relay contacts which
short circuit an end-of-line resistor or a portion of it so that a change
in current can be detected at base al arm headquarters and interpreted on



the basis of current value. The desired current values for different
conditions are specified by the receiving equi pnrent manufacturer.

3.10.4.2 Coded Central Station Type Transmitters. Coded
central station transmtters are described in Section 3.4.1.6, "Renote
Signal Transmtters.”

3.10.4.3 Coded Municipal Type Transmtters. A coded nunici pal
transmtter is functionally simlar to the coded central station
transmtter except for the nethods of actuation. Minicipal transmtters
are actuated by power supplied froma building alarmsystem control unit
(local energy trip type transmtter) or by renoving a shunt across the
transmtter tripping coil, usually, by relay action at the building alarm
systemcontrol unit (shunt trip type transmtter). The electrical energy
for tripping the shunt trip type transmtter is supplied through the
muni ci pal signaling circuit fromthe fire alarm headquarters. Muinici pal
transmtters with a manual alarmfeature (nmaster boxes) can be actuated
manual ly as well as electrically (described above). Minicipal pul
boxes, which are actuated only manually, may al so be connected to
muni ci pal type circuits.

3.10.4.4 Coded Multiplex Type Transmitter. The coded
mul tiplex transmtter is the data gathering panel. A description of its
operation is in Section 2.3.2, "Base Al arm System Conponents,” in the
section on signal transmtters.

3.10.4.5 Coded Radi o Frequency Type Transmtters. Coded radio
frequency type transmtters (radio call boxes) function in base alarm
systens the sane way as nunicipal type transmtters in a municipal type
base alarmsystem A fire alarmin a building systemconnected to a
radi o call box causes the radio call box to transmt a coded al arm signa
to the base fire al arm headquarters. The coded signal contains
information on the type of alarm (fire, trouble, or supervisory), the
zone affected, and |ow battery information, if the battery charge is | ow.

The radio call box is usually also capable of manual actuation to

transmt police and anbul ance call signals. Radio call boxes which are
actuated only manually may al so be a part of a base system Tanperi ng,
tilting, or knocking down a radio call box causes a tanper signal. A
t est

signal is transmtted automatically once a day, controlled by an
internally set clock, or manually by service personnel. Batteries for
nodern radio call boxes are usually rechargeable. Full charge capacity
operates the transmtter for six nonths. The battery may be conti nuously
charged by a charger in the building or may be routinely renoved for
rechargi ng and replaced with a fully charged battery.

3.10.4.6 Testing and Maintenance of Transmtters. Test nanual
and automatic transmtters quarterly. For efficiency, these tests nmay be
conbined with tests of circuits and other devices. The test includes
initiating an alarmto cause the transmtter to actuate in its nornal
manner. For transmtters that have nore than one node of actuation, such
as nmanua
and electrical, test both nodes. For radio frequency transmtters which
transmt several types of signals, transmt each signal. Actuation of
automatic fire alarmtransmtters should result fromthe condition sensed
by an initiating device rather than electrical or mechanical sinulation
at the transmitter. \Wen several transmtters are |ocated in one
bui l di ng, be certain not to overlook any transmtters during the tests.



3.10.4.7 Troubl eshooting. Troubl eshooting and ot her

mai nt enance procedures for reversal (noncoded) and MCul | oh (coded
central station) transmtters are discussed in Section 3.4.1 under
"Renpote Signal Transmtters.” The material on the coded McCulloh fire
alarmtransmtter also applies to coded munici pal and coded proprietary
transmtter types. The coded nultiplex and coded radi o frequency
transmtters vary considerably for the various manufacturers. Consult
the manufacturer’s information for troubl eshooting these transmtters.

3.10.5 Signal Receiving Devices. Signal receiving devices are
described in Chapter 2 and in Section 3.4.1.

3.10.5.1 Testing and Mai ntenance of Signal Receiving Devices.
Test mmj or base al arm system receiving equi pnment daily. Sone |ocal
authorities require testing major equi pnment during each hour. [Individual
noncoded recei ver nodul es are adequately tested if receipt of signals is
noted during quarterly transmtter tests. Coded radio frequency type
receivers are tested each tine a transmtter sends its daily automatic
test signal

Daily tests of coded central station, municipal, and proprietary
recei ving equi pnment should include receipt of normal transmtted signals
fromone transmtter connected to each signaling circuit. Signals
transmtted during routine servicing and testing of building alarm and
fire protection equipnent satisfy this requirenent for the signaling
circuits on which they occur.

Coded nmultiplex type receivers are in alnbst constant comrunication
with the data gathering panels of the system The interrogate/response
action between the receiver and data gathering panels usually occurs one
or nore tines a mnute. Additional tests should be perforned if
recommended by i ndividual equi pnment manufacturers at recommended
i ntervals.

3.10.5.2 Troubl eshooting. Follow the manufacturer’s
recomendati ons in troubl eshooting receiver problens. |[|ndividual
conponent mai nt enance and troubl eshooting is described in Section 3.3 for
rel ays, capacitors, diodes, resistors, and other conponents frequently
found in receiving equi pnent.

3.10.6 Signal Recording Devices. Signal recording devices are
described in Chapter 2 and in Section 3.4.1.

3.10.6.1 Testing and Mai ntenance of Signal Recordi ng Devices.
Test signal recording devices daily. An actual or sinulated signal from
atransmtter satisfies this requirenent. The recording nedi um ( paper
tape in nost cases) nust nove snoothly through the recorder. Printing
shoul d be dark enough so there is no trouble interpreting the

information. Inspect ink ribbons for signs of wear.
Mai nt enance shoul d al so include the follow ng steps.
1. Clean ink residue fromidler rollers and working parts daily,
i f
necessary.
2. Do not change adjustnents except where necessary for proper

operation and as recomended by the manufacturer.



3. Rewi nd prewound drive mechani snms as necessary. Check daily.

4. Mai nt ai n an adequate supply of paper tape. Replace expended
rolls
of tape with full rolls when tape on a roll drops bel ow t hat
necessary for three conplete coded fire alarm signals.
Mai ntain tape alignnment to avoid breakage.

5. Manual |y advance ink ribbons on seldomused printers to avoid
faint
printing due to dried out ribbon.

6. Maintain tine stanp settings to the proper tine.

3.10.6.2 Troubl eshooting. |If printing or inked markings are
not dark enough, replace ink ribbons or ball point type cartridges.
Signs of ribbon wear may indicate that the ribbon is old, or ribbon
novenent is not snooth, or that the ribbon is not reversing at the end of
each pass through the printer.

3.10.7 Power Supplies. Normal and energency power supplies for base
al arm systemrel ated equi pnment are described in Section 2. 3. 2.

3.10.7.1 Testing and Mai ntenance of Power Supplies. O her
testing of base al arm system equi pnent provides for adequate testing of
equi pnent power supplies. Operate engine driven generators weekly for 1
hour. During the one hour weekly running test, the generator |oad should
be the sane equi pnent usually driven by the generator under energency
conditions. After generator warnup, check tenperature gauges for proper
tenperature control by thernostats. Check fuel supplies. Test automatic
start features by shutting down the normal power sensed by the starting
device. Performother tests according to the generator manufacturer’s
i nstructions.

Check water |evels for rechargeable cells weekly and add distilled
water for any cells with low water |levels. Wpe noisture fromtops of
cells; clean corroded termnals of lead acid cells with a wire brush and
m | d baking soda solution. Be careful not to spill cleaning solution on
cell caps or into cells. Dry the termnals after cleaning and coat them
with a thin filmof protective |ubricant recormmended by the battery
manuf acturer. Term nal connections should be clean and tight.

Measure individual cell voltages and record them nonthly so

deteriorating cells can be discovered before there is a system
mal function. Perform equalize charging of battery according to battery
and/ or charger manufacturer’s instructions for the particul ar
application. To avoid possibly serious electrical shock during testing
and cell cleaning, avoid touching earth ground and cell termnals
si mul t aneously. Wear a rubber apron, gloves and goggl es during these
activities to avoid shock and chem cal burns.

3.10.7.2 Troubl eshooting. Follow equipnment manufacturer’s
recommendati ons for troubl eshooting energency generator and battery
charger problenms. Failures are unlikely if recomended tests and
mai nt enance are perfornmed. Wen battery problens are suspected, perform
routine cell measurenents, inspect water |evel, and confirmthat
i nterconnections between cells are clean and tight. Cell neasurenents



will help in locating cells which are bel ow standard performance.
Further inspection may reveal a maintenance deficiency. Replace cells

whi ch show i nconsi stent or substandard cell voltage after correction of
mai nt enance defi ci enci es.



CHAPTER 3.
SELF- STUDY QUESTI ONS

Instructions: Select the correct answer(s) for each of the follow ng
guesti ons.
@B-1 To make servicing of fire alarm equi pment as easy as possible, it
IS

inportant to have the following reference materials readily
avai |l abl e:

a. A dictionary

b. Schematic diagrans and manufacturer’s data sheets
C The appropriate basic el ectronics repair nmanual

d A tel ephone book

@®B-2 The equi pnment manufacturer’s custoner service departnent:

a. |Is a place to contact only when all repair attenpts fail.
b. Should be called i mediately when the equi pnent fails.
c. Can tell you the equipnent serial nunber if you describe the
equi pnent .
d. My be able to give hel pful repair suggestions on the phone or
send data sheets if you can give identifying nodel and seri al
nunbers.

@®B-3 Large itens of equi pnent, when in need of repair:

a. Should be returned to the manufacturer as soon as possible.
b. Should be repaired in place, if possible, to avoid the
probl ens associated with renoval and shi ppi ng.
c. Visually are too conplicated to even attenpt to disassenble
for inspection of conponents.
d. Are usually easier to renove in one piece than to anal yze and
di sassenbl e.

XB-4 Rel ay contacts shoul d be:

a. Ceaned nonthly with a burnishing tool.
b. Adjusted with |ong nosed pliers when you think they are not
operating properly.
c. Burnished by noving the tool perpendicular to the nornal
contact w ping action.
d. Mintained only when a synptom of a problem ari ses.

@®B-5 Resi stors

a. Should be inspected for physical damage when a probl em ari ses.
b. Should be periodically inspected to nake sure they are
operating
wi t hout over heati ng.
c. Do not need replacenent if their value has changed only 40%
due to overheating.
d. Can nore easily be repaired than repl aced.



@B-6

@B-7

(7))

@3-9

@®-10

b.
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Q- 12

Adj ustabl e wire wound resistors:
a. Wth a broken wire can usually be repaired with sol der. b.
Shoul d be cl eaned periodically with hydrochloric acid.
c. Are often danaged by attenpting adjustnment before
| ooseni ng the sliding band.
d. Are cleaned nost effectively if cleaned with al cohol while
still hot from use.

El ectrol ytic capacitors:

a. Are usually nonpol ari zed.

b. Are inmmune to deterioration from disuse.

c. Can be "fornmed" by applying voltage of the opposite polarity
to that marked on the capacitor

d. None of the above.

To check individual conponents of a circuit with an ohmeter, it

best to:

a. Turn on power to the circuit.

b. First disconnect wires which m ght affect readings.

c. Use a high resistance scale to check val ues near zero.
d. Al of the above.

—

he usual function of a diode is to:

Al'low current flow in one direction.

Provi de high resistance to alternating current.
Provi de high resistance to direct current.

To reverse the direction of direct current flow

eoop

I n checking an ordinary stepdown transformer with an ohmeter:

a. It may be necessary to disconnect 5 wres.
There should be no continuity between prinmary and secondary
wi ndi ngs.

c. Measure primary and secondary voltages at the term nals.

d. Al of the above.
|f a fuse has bl own tw ce:

a. Replace it with one of slightly higher current rating.

b. Short circuit the fuse term nals and | ook for signs of
over heati ng.

c. Look for an electrical problemthat coul d cause excessive

current. d. None of the above.

Encl osed switches in al arm equi pnent shoul d:

a. Be disassenbled, cleaned and |ubricated quarterly.

b. Not be operated routinely, because each switch only has a
limted nunber of operations in its lifetine.

c. Be operated during routine testing. d. None of the above.

@®B-13 Small DC notors, when not functioning properly, often

require



a. Operation with reversed polarity for a few m nutes.
b. Disassenbly and cl eaning of the reduction gears.
c. Replacenent of brushes.
d. Al of the above.

@B-14 Synchronous AC notors used in timng applications:

a. Usually require no servicing other than brush repl acenent.

b. My require lubrication of bearings with 10W40 notor oil. c.

Can usually be repaired by lightly sanding the commutator. d.

None of the above.

@B-15 Small universal AC/ DC high speed notors are sonetinmes used:

a. In vibrating horns.

b. In timng applications.

c. In continuous duty applications because of the absence of
brushes and conmut at or.

d. Al of the above.

@B-16 The follow ng visual indicators cannot be checked with an

ohmet er :

a. Incandescent (tungsten filanent) | anps.
b. Light emtting diodes (LEDs).

c. Neon | anps.

d. None of the above.

@B-17 The nost frequent problens with interconnecting wring between
control units and initiating and indicating devices occur:
a. At junction boxes.

b. At the wire term nations.
c. In the long straight sections of conduit.
d. At right angle bends.

@B-18 1In checking a voltneter, you notice that the neter always returns
to a reading just to the right of zero when the voltage is zero.
Tapping the neter | ens causes the needle to vibrate and settle to
the sanme reading. The nost likely problemis:

a. Friction in the bearings.
b. An obstruction to normal neter deflection.
c. The need for battery repl acenent.
d. The need for zero adjustnent.
@B-19 To check an ammeter, the standard ammeter for conparison readi ngs

shoul d not be:

Connected in series with the neter being tested.
Connected in parallel wth the nmeter being checked.
Simlar in scale to the neter being checked.

More accurate than the neter being checked.

eoop

@B-20 The risk of personal injury fromelectrical shock is

greatest in servicing:

a. Line voltage control units.



®- 21

a.

b. 12-VDC control units.
c. 48-VDC control units.
d. 12-VAC control units.

The current cut-off device in a line voltage control unit acts as

a. Relay and a buzzer.
b. Resistor and a relay. c¢c. Relay coil and contact.

d. Crcuit breaker and tiner.
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cause:

The repl aceabl e nodul es in a nodul ar control unit may:
a. Control audible signal devices.
b. Transfer power fromthe comercial source to standby.

c. Provide a reversing output voltage for renote signaling.

d. Al of the above.

In a coded building alarmsystem extra nonentary sounds fromthe
audi bl e signal devices nmay be caused by:

a. A loose wire supplying power to the coder.
b. Irregular speed of the coder drive notor. c. |Inconplete
removal of code wheel teeth. d. Al of the above.

| f a paper tape register continues to run long after a coded
signal is conplete, the defect may be:

a. A defective capacitor in the timng circuit.
b Resi dual magnetismin the timng rel ay.

c. Solenoid shaft wear.

d. A short circuited diode across the timng relay coil.
A

reversal signal transmtter consists of:

a. A notor, a code wheel, and contacts.

b. A digital device which transmts a digital code.
C A relay and a power supply.

d. None of the above.

If a properly adjusted McCulloh transmtter does not produce
readabl e signals at the receiver, the cause may be:

Excessi ve capacitance.

The spacing of the code wheel teeth.
Alag in relay operation at the receiver.
Al'l of the above.

eooe

An open fault in a power circuit usually causes:

a. A blown fuse or circuit breaker
b. An indication of power failure.

c. A lowvoltage DC al arm systemto becone i noperative.
d. None of the above.
An

open circuit fault in an unsupervised initiating circuit may



The circuit to becone inactive.

A trouble signal at the control unit.
A false alarm

None of the above.

eoop

@B-29 A short circuit fault in a series normally closed initiating
circuit causes:

a. A false alarm

b. A trouble signal

c. The circuit to becone inactive.

d. The circuit beyond the fault to becone inactive.

@B-30 Manual fire alarm devices should not be painted because:

a. Paint interferes with novenent of working parts.
b. The paint may cause a short circuit.

c. The paint used may not be U.L. I|isted.

d. Al of the above.

(B-31 For a practical periodic test of the electrical function of a
manual device, it is necessary to:

a. Break the glass or fiber retainer.

b. Renpve the device fromthe wall to short circuit the termnals
on t he back.

c. Open the device with an appropriate tool.

d. None of the above.

@B-32 Automatic fire detectors nust not be:
a Test ed.
b. Painted.
c Touched with bare hands.
d. None of the above.

(B-33 Fixed tenperature detectors with fusible elenments should be heat

t est ed:

a. Every 5 years.

b. Only when an inspection shows a possi bl e defect.
c. Every year.

d. Quarterly.

(B-34 Rate conpensated detectors are:

a. A type of snoke detector
b. Visually checked for actuation.
Cc. Reusable.
d. Simlar in appearance to a rectangular netal box.

@B-35 Rate of rise detectors usually operate on the principle of:
a. Differential expansion of nmetals with tenperature.

b. Increasing air pressure with increasing tenperature.
c. Ceneration of electricity at a bond of dissimlar netals. d.
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Melting of a eutectic alloy at high tenperature.
A therm stor type heat detector operates on the principle of:

a. Mlting plastic allowng two wires to touch.

b. Pneumatic tubing causing contacts to close when heated. c. DC
vol t age generated by a thernocoupl e when heat ed.

d. None of the above.

After installing a new fusible el ement heat detector, test it
i mredi ately by:

a. Applying heat slowwy with a lanp or hot air gun.

b. Renoving the fusible elenent if it is renovable. c. Rubbing
the detector vigorously with your hand. d. Tapping it lightly
with a screwdriver handl e,

Line type rate of rise detectors may nake use of:

Roset t es.

Thernopl astic materi al .
Differential expansion of netals.
None of the above.

eoop

Phot oel ectric snoke detectors may operate on the principle of:

a. Light obscuration by snoke.
b. Light reflection by snoke.

c. Light being blocked or partially bl ocked by snoke.
d. Al of the above.

| oni zation snoke detectors can detect snoke by:

a. The ions in the snoke causing an increased current between two
hi gh vol t age pl at es.

b. A radioactive source ionizing the snoke causing an increase in
current.

c. The solid snoke particles interfering wwth current flowin air
ioni zed by a radioactive source.

d. The obfuscation of reticular ionization.

The main difference between spot type and duct type snoke
detectors is:

a. The arrangenent of electronic parts.
b. The nethod of powering the detector.

c. The nethod of noving snoke into the detector.
d. Al of the above.

A spot type photoel ectric snoke detector may need:

a. Periodic cleaning of the snoke chanber with detergent. b.
Occasional renoval of dust with | ow pressure air

c. Replacenent of an LED at the job site.

d. Recovery in bright Iight after cleaning.
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Beam type snoke detectors may require such servicing as:

Repl acenent of a light source LED at the job site.
Cl eaning of lenses and mrrors.

I mersion of filters in mld hydrochloric acid.
Al'l of the above.

eoop

Optical flame detectors can distinguish flame fromnonflane |ight
sources by using:

a. Flicker discrimnation.

b. The optical integrity lanp inside the detector.

C Preci sion spectral analyzing circuits in conbination with
flicker frequency validation.

d. Al of the above.

Sprinkler waterflow is often detected by:

a. An increase in pressure.

b. A drop in pressure.

C The waterfl ow causi ng nechani cal novenent of a vane inside the
pi pe.

d. Al of the above.

Val ve position swtches cause a supervisory signal when:

a. The valve handle is operated two turns.
The val ve handl e is operated beyond 20% of its range fromits
nor mal position.
A plunger or |ever noves out of a notch in the valve stem

'd. Al of the above.

Punp supervisory signals usually are initiated by:

a Sophi sticated sensors in the controller cabinet.
b. Heat sensors in the controller cabinet.

C Rel ay contacts in the controller cabinet. d. None of the
a



CHAPTER 4. AUTOVATI C SPRI NKLER AND STANDPI PE SYSTEMS

4.1 AUTOVATI C SPRI NKLER SYSTEMS. Automatic sprinkler systens
automatically distribute water upon a fire in sufficient quantity either
to extinguish it entirely or to-prevent its spread. All sprinkler
systens have three basic conponents: (1) a water supply, (2) a piping
network to carry the water, and (3) sprinklers which distribute the

wat er .

4.1.1 Sprinklers. Sprinklers are essentially nozzles placed at
intervals along the piping network to distribute a uniformpattern of
water on the area being protected. To attain maxi mumefficiency, the
stream of water nust be broken into droplets. A deflector, which is a
part of the frame of the sprinkler, breaks up the water.

4.1.1.1 Automatic Sprinklers. Automatic sprinklers are |isted
and approved by certified testing | aboratories for specific applications
based on orifice size, deflector design, frame finish, tenperature
rating, and response tine index.

o] Oifice Size. Sprinklers have orifice diameters ranging from
0.25

to 0.70 inches.

o] Defl ector Design. Deflector designs give different patterns of
water distribution and allow the sprinkler to be placed in
various positions, e.g., upright, pendent or sidewall (Figure
4-1). Deflector design also dictates the droplet size of the
wat er spray.

o] Frame Finish. Sprinkler frames nmay be plated for aesthetic
pur poses or they may be coated for protection purposes. For
exanpl e, sprinklers intended for use in corrosive atnospheres
are either lead or wax coat ed.

o] Tenperature Rating. Automatic sprinklers are normally held

cl osed
by heat sensitive elenents which press dowm on a cap over the
sprinkler orifice and are anchored by the frane of the
sprinkler. The heat sensitive elenents are designed to rel ease
at different tenperatures, dependi ng upon the application.
Sprinklers are color coded to identify the range of tenperature
rating of the fusible elenent (Table 4-1). Col or
identification is not required for plated sprinklers, ceiling
sprinklers, or simlar decorative types.

Figure 4-1. Sprinkler Deflector Style. PHOTOGRAPH NOT | NCLUDED.

o] Response Tine Index (RTI). The RTlI is a nmeasure of the
sensitivity
of the sprinkler head. A typical range of RTI for residential
sprinklers is 30-60 (ft-sec)+1/2+ and for commercial sprinklers
is 150-600 (ft-sec)+1/2+.

TABLE 4-1



SPRI NKLER TEMPERATURE RATI NGS

o o o o e o o o e f o o m o o e e e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e e = =
i MAXIMUM AMBIENT TEMPERATURE TEMPERATURE SPRINKLER |
ICEILING TEMPERATURE RATING CLASSIFICATION COLOR CODE

1

1

| (deg. F) (deg. F) . |

A o e

| 100 135to 170 Orainary Uncolored

1

I: 150 175to 225 Intermediate White |

| 225 250 to 300 High Blue :

| 300 325 to 375 Extra High Red |

| 375 400 to 475 Very Extra High Green |

| 475 500 to 575 Ultra High Orange |

e e +

There are basically four types of release mechanisms for automatic
sprinklers: (1) fusible link, (2) frangible bulb, (3) frangible pellet,
and (4) on-off element.

o] Fusible Link Sprinklers. The fusible link automatic sprinkler
(Figure 4-2) is kept in the closed position by a two-piece link
held together by a solder with a predetermined melting point.
The soldered link is between two levers which are arranged
between the cap, over the orifice and the top of the sprinkler
frame. When the solder in the fusible link melts, the levers
pull the two-piece link apart and flies away from the
sprinkler. This allows the pressure in the piping network to
push the cap off the orifice and the sprinkler to discharge
water.

Figure 4-2. Fusible Link Automatic Sprinkler. PHOTOGRAPH NOT INCLUDED.

o] Frangible Bulb Sprinklers. The frangible bulb sprinkler
(Figure

4-3) has a small bulb made of glass between the orifice cap and
sprinkler frame. This bulb is partially filled with a liquid.
The rest of the space in the bulb is occupied by an air bubble.
In a fire, the heat causes the liquid to expand and compress
the air bubble. As the air bubble compresses, the pressure
increases inside the bulb causing the bulb to shatter and
allowing the pressure in the piping network to push off the
orifice cap.

o] Frangible Pellet Sprinkler. The frangible pellet sprinkler
(Figure
4-4) has a rod between the orifice cap and sprinkler frame.
The rod is held in place by a pellet of solder under
compression. When the solder melts the rod moves out of the
way of the orifice cap which is pushed off by the water
pressure in the piping network.

o] On-Off Sprinkler. On-off Sprinklers are capable of
individually
terminating water discharge. They operate using a bimetallic
element or wax motor.



The bi-nmetallic el enent sprinkler (Figure 4-5) uses a disc nade
of two distinct netals as a heat sensitive elenent. Wen the
sprinkler is off, the disc nmaintains pressure on a piston assenbly. Wen
the tenperature reaches the rating set point, the disc flexes and opens,
rel easing pressure on the piston assenbly and allowi ng a small anmount of
water to bleed out of the piston chanber faster
than it can be replaced through a restrictor. The pressure
fromthe water in the piping system pushes the piston down and
allows the sprinkler to discharge water. Wen the tenperature
of the sensitive element is reduced, the elenment returns to its
normal position and allows water to pass through the

restrictor, filling the piston chanber and forcing the piston
into the waterway which stops the flow of water fromthe
sprinkl er.

The wax notor sprinkler has a fusible link as well as a snall
wax notor. Following the release of the fusible link, water

di scharge occurs only after the special wax nelts. Melting of
the wax results in a force being applied to a piston which
opens a camto permt water flow. \When the wax solidifies upon
cooling, the piston returns to its original position, closing
the cam This type of on-off head nust be replaced after

oper ati on.

4.1.1.2 Dry Pendent Sprinkler. A dry pendent sprinkler
(Figure 4-6) is used when pendent sprinklers nust be placed on dry pipe
systens. Dry pendent sprinkler also may be installed in wet pipe systens
when the area to be protected is subject to freezing and the piping
network is in a heated area. (See Section 4.1.2 for a description of dry
pi pe and wet pipe systens.) The dry pendent sprinkler is a standard
automatic sprinkler fitted with a tube within an attached pipe. The tube
hol ds the water sealing elenents in place against a watertight seal at
the top of the pipe. Wen the sprinkler is activated, the tube drops
down to a predeterm ned position and rel eases the elenents through the
tube and out the open sprinkler.

4-3



Figure 4-3. Frangible Bulb Automatic Sprinkler. PHOTOGRAPH NOT
| NCLUDED.

Figure 4-4. Frangible Pellett Automatic Sprinkler. PHOTOGRAPH NOT
| NCLUDED.

Figure 4-5. Bi-Metallic Elenent Automatic Sprinkler. PHOTOGRAPH NOT
| NCLUDED.

Figure 4-6. Dry Pendent Automatic Sprinkler. PHOTOGRAPH NOT | NCLUDED.

4.1.1.3 Open Sprinklers. open sprinklers (Figure 4-7) consi st
of only a sprinkler frame and deflector. These are used on speci al
sprinkler systens, such as deluge or rapid reaction systens.

4.1.1.4 Water Spray Nozzles. Witer spray nozzles (Figure 4-8)
are used for special application of water in various patterns; e.g., wde
or narrow angle, long throw or flat patterns. The different patterns may
be achi eved by either internal or external deflection of the water
stream dependi ng upon the type of nozzle.

Figure 4-7. Open Sprinklers. PHOTOGRAPH NOT | NCLUDED.
Figure 4-8. Water Spray Nozzles. PHOTOGRAPH NOT | NCLUDED

4.1.2 Types of Sprinkler Systens.
4.1.2.1 Wet Pipe System The wet pipe sprinkler systemis the

nost common type. This system has automatic sprinklers attached to a
pi ping network with water under pressure at all tinmes. Wen a fire
occurs, individual sprinklers are actuated by heat and water flows from
the sprinklers imediately. A wet pipe systemis generally used when
there is no danger of the water in the pipes freezing or when there are
no special conditions that require a special purpose sprinkler system
The wet pipe sprinkler system nmay have an al arm check val ve (Figures 4-9
and 4-10). This device is used to maintain a constant pressure on the
sprinkl er piping network "downstreant of the valve.

When there is a fire, the flow ng water causes the cl apper assenbly
i nside the alarm check valve to open and allows a portion of the water to
flow through a port in the alarmcheck valve which is, in turn, connected
to an alarmdevice. To prevent false alarns fromwater surges, a retard
chanber is usually placed in the piping between the al armcheck val ve and
t he al arm devi ce.
[retrieve Figure 4-9. Al arm Check Val ve]

4.1.2.2 Dry Pipe System |In a dry pipe system the pipes
normal ly contain either air or nitrogen under pressure instead of water.
Dry pipe systens are used in areas where water in the pipes would be
subj ect to freezing, such as unheated areas or cold storage spaces.
4-6



[retrieve Figure 4-10. Al arm Check Val ve (Section)]

A dry pipe valve (Figure 4-11) acts as a control between the water
supply and the air under pressure in the piping network. The dry pipe
val ve nust be in a heated encl osure because pressurized water is at the
undersi de of the dry pipe valve. A small anmount of water, called primng
water, is also inside the dry pipe valve itself. This water is to insure
a tight seal of the clapper and to keep the rubber gaskets pliable.

The valve is usually nade so that a noderate air pressure hol ds back
a nmuch greater water pressure.

Figure 4-11. Dry Pipe Valve. PHOTOGRAPH NOT | NCLUDED.

There are four types of dry pipe valves:

o] Differential Dry Pipe Valve. The differential dry pipe valve
(Figure 4-12) has a large cl apper (air side) which bears
directly on a smaller clapper (water side). The differenti al
between the areas of the two clappers is approximately 6 to 1
Therefore, relatively low air pressure can hold back a nuch
| arger water pressure. For exanple, 20 psi air pressure can
wi t hhol d 120 psi water pressure. To elimnate an acci dental
trip of the valve and false alarnms, air pressure should be at
| east 20 psi greater than the calculated trip pressure of the
dry pipe valve, based on the highest normal water pressure of
the supply system

[retrieve Figure 4-12. Differential Dry Pipe Val ve]

Wien there is a fire, the heat actuates the sprinklers) and all ows
air to escape fromthe piping network, reducing the systemair pressure.
As the systemair pressure is reduced, the differential is destroyed and
the water pressure below the dry pipe val ve opens the clapper, allow ng
water to flow through the piping network to the open sprinklers).

Differential dry pipe systens have an inherent tine delay between
the actuation of a sprinkler and the application of water to the fire.
Thi s

delay is due to the tinme needed to bleed the air fromthe piping network
and deliver water fromthe dry pipe valve to the opened sprinklers. The
time delay can be shortened by adding the accel erator or the exhaust as a
qui ck opening device to the dry pipe system

a. Accel erator. The accelerator (Figure 4-13) allows air fromthe
systenis piping to enter the internediate chanber in the dry
pi pe val ve, destroying the differential, and opening the
cl apper,

b. Exhauster. The exhauster (Figure 4-14) opens and exhausts air
from
the piping systemfaster than through the sprinklers,
destroying the differential sooner.
[retrieve Figure 4-13. Dry Pipe System Accel erat or]

o] LowDifferential Dry Pipe Valve. Cccasionally, the water



supply to
dry pipe valves has debris. Wth a differential dry pipe valve
(Figure 4-15), the high velocity of water entering the system
when the valve trips can carry the debris into the system and
may plug the systempiping or the sprinklers. [If debris in the
water is a problem the lowdifferential dry pipe valve may be
useful .

The clapper in the lowdifferential dry pipe valve is only sightly
|arger on the air side than on the water side and the air pressure in the
systemis maintained approximtely 15 to 20 psi greater than the water
pressure. Because the sprinkler system piping contains air pressure
about equal to the water pressure, only a slight amount of water is
diverted into the branch Iines which do not have operated sprinklers
after the dry pipe val ve opens.

[retrieve Figures 4-14 and 4-15. Dry Pipe System Exhauster and Low
Differential Dry Pipe Val ve]

Wth either a differential or lowdifferential dry pipe valve, an
automatic air maintenance device (Figure 4-16) nust be used to maintain
air pressure and prevent accidentally tripping the dry pipe valve. Al so,
an automatic drain or high-water-level alarmis required for the primng
water | evel so the water does not accunulate. (If there is too much
water, the dry pipe val ve cannot operate.)

o] Mechani cal or Latched-C apper Dry Pipe Valve. The nechanica
dry

pi pe val ve has systemair pressure against a small disc,

di aphragm or clapper (Figure 4-17). An arrangenent of |evers,
links, and | atches on the val ve cl apper provide the closing
force on the water clapper.

o] Auxiliary Dry Pipe or Air Check Valve. An auxiliary dry pipe
val ve

or air check valve system may be used when unheated areas have
20 or nore sprinklers, or are |ocated renote fromthe water
supply connection to the building. These valves operate the
sane as the standard dry pipe val ve except an alarmdevice is
not necessarily provided since the alarmis actuated by
waterflow in the wet pipe system

4.1.2.3 Antifreeze Systens. Cccasionally, buildings protected
by wet pipe sprinkler systens have snmall areas which are subject to
freezing. If this area requires twenty sprinklers or |less, an antifreeze
system may be used (Figure 4-18). A check valve or backfl ow prevention
device nust be required to prevent contam nation of a potable water
system by the antifreeze solution. The antifreeze system uses an
antifreeze solution, generally consisting of water and a water sol uble
liquid, such as glycerin or an al cohol glycol with a high flash point and
hi gh boiling point. The proportions specified in Table 4-2 give the
noted reduction in freezing tenperature w thout producing a conbustible
m xture.

Figure 4-16. Air Pressure Mintenance Device. PHOTOGRAPH NOT | NCLUDED



[retrieve Figures 4-17 and 4-18. Mechanical Dry Pipe Val ve and
Antifreeze Systen

In systens whi ch have connections to potable water supplies, do not
use antifreeze solutions other than chem cally pure glycerin (U S,
Phar macopoei a 96. 5% grade) or propylene glycol, even with backfl ow
prevention devices incl uded.

4.1.2.4 Water Deluge Systens. A water deluge system (Figure

4-19) is used where there 1is an extra hazard, such as areas where
flammabl e |iquids or propellants are handled or stored, or where there is
a possibility
that a fire mght grow faster than ordinary automatic sprinklers can
control. The systens are also often used in aircraft hangars where
ceilings are unusually high and where drafts may deflect the direct rise
of heat so that ordinary sprinklers directly over the fire would not open
pronptly but
others, at sone distance away, m ght open w thout having any effect on
the fire.



TABLE 4-2
ANTI FREEZE SCLUTI ONS

---- SPEC. GRAW.
FREEZI NG
SOLUTI ON AT PO NT
MATERI AL (BY VOLUME) 60 deg. F deg. F
---- dycerine 50% Wat er 1.133 -15
C.P. or US P. Gade* 40% Wt er 1.151 -22
30% Wt er 1. 165 -40
Hydroneter Scale 1.000 to 1.200
---- Propyl ene dycol 70% Wat er 1.027 +9
60% Wt er 1.034 -6
50% Wat er 1.041 -26
40% Wt er 1. 045 - 60

Hydronmeter Scale 1.000 to 1.120 (Subdivisions 0.002) -------

Suitable for Use if Public Water Is Not Connected to Sprinklers --

Di et hyl ene d ycol 50% Wat er 1.078 -13
45% WAt er 1.081 - 27
40% Wat er 1.086 -42
Hydronmeter Scale 1.000 to 1.120 (Subdivisions 0.002)
---- Ethylene Gycol 61% Wat er 1. 056 -10
56% Wat er 1. 063 - 20
51% Wat er 1. 069 -30
47% Wt er 1.073 -40
Hydroneter Scale 1.000 to 1.120 (Subdivisions 0.002)
---- Calcium Chl ori de Lb Cad +2+) per
80% " Fl ake" gal of Water
Fire Protection G ade** 2.83 1.183 0
Add corrosion inhibitor 3. 38 1.212 -10
of sodi um bi chromat e 3. 89 1.237 -20
1/4 oz. per gal. water 4. 37 1. 258 - 30
4.73 1.274 -40
4.93 1.283 -50

---- * CP. - Chemcally Pure
US P. - Uiited States Pharmacopoeia 96. 5%
** Free from magnesi um chl oride and other inpurities

[retrieve Figure 4-19. Deluge System



In the water deluge system all sprinklers connected to the piping
network are open and the water supply is controlled by a water del uge
val ve (Figures 4-20 and 4-21). The deluge valve renmains closed until a
fire is detected. Fire protection systens can be operated either
manual |y or automatically. Automatic operation occurs upon a signal
generated by a fire detecting device. This signal can be either
nmechani cal or electrical.

Mechani cal types of detection are pneumatic or hydraulic and are
descri bed below. Electrical devices are described in the section on
associ ated al arm systens for each type of system One of the npbst conmon
types of detection systens, used with a nmechanical release, is based on
the principle that heated air expands. This systemuses an air tight,
hol | ow chanber, called a heat actuating device (HAD), which is usually
made of brass. |Its purpose is to absorb the heat froma fire and, in
turn, heat the air inside the chanber. As the air is being heated, an
increase in pressure is created. This pressure increase is conveyed by
1/8-inch tubing fromthe heat detecting devices to the rel ease nechani sm
I nside the rel ease nechanism a diaphragmis connected to a system of
| evers. Also, ahead of the diaphragmis a smaller vent which acts as a
conpensating device for normal tenperature fluctuations. The 1/8-inch
tubing is connected between the vent and the di aphragm

[retrieve Figures 4-20 and 4-21. Deluge Valve (Viking Mdel D 4) and
Del uge Val ve (Automatic Sprinkler Mde
Ol

During a fire, the heat produces pressures which exceed the
bl eedi ng capacity of the vent. \Wen this happens, the diaphragm noves
and causes the levers to operate, nechanically activating the system
(Figure 4-22). As nore HADs are attached to the detection system the
pressures devel oped by a fire in the detectors near the fire would be
absorbed by the detectors |ocated outside of the fire area, inpeding
operation. To elimnate this adverse

[retrieve Figures 4-22 and 4-23. Rate of Rise Detection Conponents and
Separation of H A D. Goups by Mercury
Checks]

feature, detectors are divided into groups of limted nunbers. Each
group has a separate line of air tubing connected to the rel ease
mechani sm and is separated from ot her groups by a nercury check. Each
mercury check has its own individual pressure setting and conpensating
vent (Figure 4-23). Wen pressure fromthe detection system presses
agai nst the colum of nmercury in the inlet well of the check, it pushes
the nercury out of the way and allows the pressure to pass through the
mani f ol d passage to the diaphragm The pressure is prevented from
entering the tubing fromother groups of detectors by the nercury in the
wel I's of the other checks. Overcomng the pressure fromthe outlet side
requires at |least twice the pressure than would be required at the inlet
si de.

Anot her type of nechanical detection systemuses fixed tenperature
detecti on devi ces which are standard automatic sprinklers. This system
is called a pilot heat system and may be operated either pneumatically,
with air or other gases, or hydraulically, with water

The pneumatic systemuses a 1/2-inch air line which is attached



directly to the enclosing box of the rel ease nechanism |Inside the

encl osing box is one or two HAD s which are connected to the conpensating
vent on the diaphragm The encl osing box, the pilot line, and the heat
detectors are all at the sane pressure, which is usually 8 psig. In a
fire, the heat actuates one or nore sprinklers. This causes the pressure
in the pilot line and encl osing box to suddenly drop. The pressure in

t he heat detectors

cannot escape fast enough through the conpensating vent and therefore
presses on the di aphragmwhich trips the rel ease nechani sm

Manuf acturers use a wi de variety of mechanical, pneumatic,
hydraulic, and electrical devices for fire detection and, in general,
each manufacturer provides his own particular conplete conbi nation of
fire detection, water control valve rel ease, and supervisory equi prnent.
Check manufacturer’s data for specific details.

Del uge val ves have a cl apper assenbly inside the valve to prevent
water fromentering the piping network downstream of the valve. The
cl apper of the deluge valve is held closed either nechanically or
pneumatical |y, depending on the type of deluge valve. Wen a fire occurs
the fire detecting device transmts a signal to the deluge val ve which
causes the cl apper to open and allows water to flow sinultaneously from
all sprinklers on the piping network. The deluge system simlar to the
dry pipe system has a tine delay between detection and di scharge of
water, due to the tinme required to operate the valve and fill the piping
network with water

To reduce the delay, the deluge system may be pre-prinmed by providing
water in the piping network downstream of the deluge valve. To prevent
the water from escaping fromthe open sprinklers, pre-prine plugs (Figure
4-24) are placed on the sprinklers. The caps blow off the sprinklers at
approximately 20 psi, after the deluge val ve opens and all ows the high
pressure water to enter the system

Figure 4-24. Sprinkler Pre-Prime Plugs. PHOTOGRAPH NOT | NCLUDED

4.1.2.5 Pre-Action Systens. A pre-action systemdiffers froma
del uge sprinkler systemonly in that it has nornmally closed automatic
sprinklers. Wien the fire detecting device is actuated, the water control
val ve opens and admts water to the piping system The systemthen acts
the sane as a wet pipe system individual sprinklers are operated by
heat. The advantage of the pre-action systemis that the probability of
i nadvertent water discharge is mnimzed since both operation of the
detection system and automatic sprinklers is necessary to effect
di schar ge.

Cccasionally, pre-action systens are incorrectly referred to as dry
pi pe sprinkler systems. Wile it is true that the pre-action system
pi pi ng does not contain water, the termdry pipe systemrefers to the
type of sprinkler systemand the type of water control valve which
operates this sprinkler system Actually a pre-action system uses a
del uge valve or a nodified dry pipe valve for operation of the sprinkler
system Since autonmatic sprinklers are used on the piping network, the
term"pre-action system was coined to describe this type of sprinkler
system There are two types of pre-action sprinkler system supervised
and unsupervi sed.



A supervi sed pre-action systemhas air introduced into the system
pi ping at a pressure of approximately 5 psi. This slight air pressure on
the system pi pi ng "supervises"” the piping to detect |eaks. The pressure
swi tches used for detection of Iow air pressure on the "supervised"
system shoul d record in "inches of water" rather than "pounds per square
inch.” An unsupervised pre-action systemis not nonitored continuously.

4.1.2.6 Conbined System A conbined system (Figure 4-25) is a
speci al purpose arrangenent using two nodified dry pipe val ves connected
to tripping devices and piped in parallel to supply water to the sane
sprinkler system The piping network is filled with air under pressure.
When a fire is detected, an exhauster at the end of the system opens and
rel eases the air wwthin the system The systemthen operates the sane as
a preaction system However, if the detection systemfails, the conbi ned
system acts the sane as a dry pipe systemand allows water to be admtted
to the system when sprinklers open and discharge the air in the piping
net wor k.

[retrieve Figure 4-25. Conbi ned System Header Arrangenent ]
4.1.2.7 Rapid Reaction Water Suppression Systens. sone
cases, it may be necessary to get water to an area in | ess than one
second (for exanple, areas where rocket and anmunition propellants are
stored and handled). Basically there are two types of rapid reaction
wat er suppression systens: (1) an explosive operated del uge valve, or (2)
a pilot operated nozzle system
o] Expl osi ve Operated Del uge Val ve. The expl osi ve operated del uge
val ve (Figure 4-26) links the clapper latch in the deluge val ve
directly to an explosive device, called a squib. Wen a fire
is detected, the squib fires and unl atches the cl apper,
all owi ng the instantaneous flow of water. These systens
usually use the "pre-primng" technique so that water is
di scharged fromthe nozzles al nbst as soon as the expl osive
squib is fired.

[retrieve Figure 4-26. Explosive Operated Deluge Value (Ginnel Prinmac
Model B-2)]
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o] Pilot Operated Nozzle System In the pilot operated nozzle
system
(Figure 4-27), the nozzles are attached to a piping network
constantly filled with pressurized water. The nozzles are kept
cl osed by a poppet obstructing the waterway between the piping
network and the nozzle orifice, Upon fire detection, the
pressure
inthe pilot line is released by the actuation of a sol enoid valve. The
wat er pressure in the piping network pushes the poppet back and all ows
the water to immedi ately flow through the nozzle.

[retrieve Figure 4-27. Pilot Operated Nozzle System (Automatic Sprinkler
Pi | ot ex)]

4.1.2.8 Residential Sprinkler Systenms. Residential Sprinkler
systens are designed and installed in accordance with the National Fire
Protection Association’s Standard for the Installation of Sprinkler
Syst ens
in One-and Two-Fam |y Dwel lings and Mobil e Homes (NFPA 13D). Unlike
ot her sprinkler systens, the design objective of residential sprinkler

systens is to extinguish a fire with a mniml supply of water. In order
to acconplish this objective, the standard sprinkler head had to be
nodi fied to respond nore quickly (while the fire was still small) and

di stribute water around the edges of a room Another hardware change
brought on by a desire to reduce the cost of a system was the use of
pl astic pipe, described in section 4.1.3.

4.1.3 Piping Materials. The two nost conmon piping materials used
in sprinkler systens are steel and copper. Either schedule 10 (thin-
wal I') or schedule 40 steel pipe is used. Copper pipe should be joined
with a lowlead content solder, where permtted, especially if the
sprinkler systemis connected to the donestic water supply.

In recent years, plastic pipe has been devel oped for sprinkler system
applications. Both polybutylene (PB) and post-chlorinated
pol yvi nyl chl ori de (CPVC) pipe have been |isted for use in sprinkler
systens. Currently, plastic pipe is only accepted for wet pipe systens.
PB pipe is joined by heat-fushion tool and is relatively flexible. CPVC
pipe is glued together and is fairly rigid. It is inmportant that plastic
pi pe be supported at regular intervals, just like netallic pipe. Only
hangers explicitly for plastic pipe should be used. Special schedules
are avail abl e for hanger spacing for the CPVC and PB pi pe.

4.1.4 Local Alarns for Sprinkler Systems. Sprinkler systens which
are installed in accordance with the National Fire Protection
Associ ation’s Standard for the Installation of Sprinkler Systenms (NFPA
No. 13) have a local alarmat the riser. They may al so have al arns
connected to a building or base alarm system as described in Chapters 2
and 3. There are two types of |ocal alarnms, water notor alarnms and
el ectric alarm bell.

o] Water Motor Alarm A water notor alarm (Figure 4-28) is a
hydr omechani cal al arm nade of a water-powered notor, a striker,
and a gong cover. Wen water flows in the sprinkler system
part of the water is diverted fromthe alarmvalve or dry pipe



val ve
t hrough the water notor which causes the striker to clang the gong. The
alarm continues to sound as long as water is flow ng through
the sprinkler system The alarm may be shut off by closing the
alarm control valve |located in the piping between the alarm or
dry pipe valve and the water notor alarm

o] Electric AlarmBell. An electric alarmbell is actuated by a
circuit closer in the formof a waterfl ow vane switch or a
wat erfl ow pressure switch. For nore discussion on the
actuator, see Chapters 2 and 3.

[retrieve Figure 4-28. Water Mtor Al arnmn

4.2 STANDPI PE SYSTEMS. St andpi pe systens provide water for fire hose
use.

4.2.1 ddassification of Standpi pe Systens. Standpi pe systens are
classified by type of use according to NFPA Standard 14, "Standpi pe and
Hose Systens."

o] Class | Systens (2-1/2-inch hose connections) are for use by
fire
departnment personnel and others who are trained in handling
heavy fire streans.

o] Class Il Systens (1-1/2-inch hose connections) are primarily
i ntended for use by the building occupants.

o] Class Ill Systens have both large (2-1/2-inch) outlets and

smal
(1-1/2-inch) outlets and are for use by both fire departnent
personnel and buil ding occupants. This nultiple use system can
have both a | arge hose connection and a snmall hose connection
or a large (2-1/2-inch) hose connection with an easily
removabl e 2-1/2 by 1-1/2-inch adapter attached to the |arge
hose connecti on.

4.2.2 Types of Standpipe Systens. Standpipe systens nay be wet,
dry, or conbined. Wt standpipe systens are continuously supplied with
wat er at every hose valve. Dry standpipe systens normally do not contain
wat er. Typical arrangenents of dry standpi pe systens include:

o] A systemcontrolled by a normally cl osed val ve which nust be
opened
manual | y.
o] A systemcontrolled by a dry pipe or deluge valve. This system

has
a delay in obtaining water because of the tinme required to
expel the air fromthe system before the dry pipe valve wll
trip. Also, if hose is attached to the hose outlet kinks in
the hose can increase the tine delay. A deluge valve reduces
the tine delay but requires sone nethod of renote control
actuation.



o] A systemw th standpi pes not connected to a water supply at
all. A
fire departnent connection (sianmese connection) at the base of
t he standpi pe is "charged" by connecting large (2-1/2-inch)
hose froma fire hydrant or fire truck, supplying the standpipe
system

o] Combi ned sprinkl er and standpi pe systens are those in which the
pi pi ng serves both sprinklers and hose outl ets.

4.3 WATER SUPPLI ES FOR SPRI NKLER AND STANDPI PE SYSTEMS. Water supplies
whi ch serve sprinkler and standpi pe systens nust be adequate and
reliable. To determ ne the anount of water necessary for sprinkler and

st andpi pe systens, the rate of flow and pressure needed for the effective
performance nmust be known. If it is likely that additional fire hose
streans fromoutside the building will be required, these should al so be
i ncluded. The conbination of water needed for sprinkler and standpipe
systens and for outside hoses is the fire fl ow demand.

An adequate systemis one which can deliver the required fire flow
for a specified time with donestic water consunption at the maxi mum rate.
To be reliable, the systemnust also be able to deliver the fire flow
demand under

certain enmergency conditions, such as a supply main or punp being out of
service. The desired reliability of the systemw || depend upon the
nature of the protected structure (people, property or m ssion).

Distribution systens transmt the water fromits supply to point of
use. The distribution systens consist of pipes and other accessories for
the control of the water within the pipes. Wter nmay be supplied by
public or base sources, water tanks, or fire punps.

4.3.1 Public (or Base) Water Supplies. The npbst conmon type of
water supply is fromthe public (or base) water distribution system
These systens supply donestic water in addition to water for fire
protection purposes.

4.3.1.1 Fire Hydrants. The nost conmon conponent for fire
protection purposes is the fire hydrant. There are two types of fire
hydrants in general use today.

o] Dry barrel, or base valve, hydrants (Figure 4-29) are the nost
common. These hydrants have the control valve bel ow the frost
Iine and between the foot piece and the barrel of the hydrant.
Such hydrants are also known as a "frost proof" hydrant.

o] Wet barrel hydrants (Figure 4-30) are sonetines used when there

no danger of freezing weather. Wet barrel hydrants usually
have a conpression-type valve at each outlet to control the
fl ow of

water. Some ot her types have one control valve in the bonnet
whi ch controls the water to all of the outlets.

[retrieve Figures 4-29 and 4-30. Dry Barrel Fire Hydrant and Wet Barre



Fire Hydrant]

4.3.1.2 Fire Departnent Connections. Sprinkler and standpipe
systens supplied by public (or base) water systens are equipped with fire
departnment connections (Figure 4-31) which allow the fire departnent to

increase the pressure in the sprinkler or standpipe system This is done
by connecting the suction line of a punper fire truck to a fire hydrant
and connecting two or nore 2-1/2-inch dianeter discharge lines fromthe
punper truck to the fire departnent connection.

4.3.2 Water Tanks. Preferably, water tanks used for sprinkler and
st andpi pe systens are not used for other purposes. The frequent filling
of a tank which is necessary when water is used for other purposes
produces nunerous effects to increase nai ntenance requirenents. For
exanpl e, sedinent may accunulate in the bottomof the tank. Wen water
is drawmn fromthe bottom of the tank, the sedinment nay al so be drawn into
t he sprinkler and standpi pe systens and cause obstructions to the fire
protection equi pnent.

4.3.2.1 Types of Water Tanks. There are three main types of water
t anks.

Figure 4-31. Fire Departnent Connection. PHOTOGRAPH NOT | NCLUDED

o] Gavity Tanks. Gavity tanks (Figure 4-32) are usually made of
wood or steel and are elevated. In sone cases, gravity tanks
are installed directly on a building roof. Gavity tanks
provi de dependabl e pressurization of fire protection systens
since the pressure is provided by the elevation difference
bet ween the tank hei ght and the height of the fire protection
system

o] Suction Tanks. Suction tanks (Figure 4-33) are usually steel
al t hough occasionally they are nmade of concrete or a rubberized
fabric. Rubberized fabric tanks are supported by a specially
prepared excavation, earthen berm or both. Suction tanks are
used to store water to provide a reliable source of water for

fire punps.

o] Pressure Tanks. Pressure tanks (Figure 4-34) are used to
suppl y
water for limted fire protection purposes. They are nmade of
steel and are normally kept one-half or two-thirds full of
water. Air pressure inside the tank is supplied by an air
conpressor. The air pressure in the tank forces water out to
the sprinkler systemin the event of fire.

[retrieve Figure 4-32. Gavity Tanks]

4.3.2.2 Methods of Heating. Adequate heating is needed in
tanks to prevent the water fromfreezing. The inportance of heating
ranks second only to structural design of the tank. The water in the
t anks shoul d be maintained at 42 to 50 deg. F. Heating water higher than
50 deg. F requires too nuch fuel. Also, water heated to 100 deg. F can
damage wooden tanks and the paint on sone steel tanks. Water has its



maxi mum density at 39.2 deg. F. When the water falls below 39.2 deg. F, a
wat er inversion causes the warnmer water to settle to the bottomof the
tank and the colder water to rise. There are several nethods of heating
wat er .
o] Gavity Grculation. Gavity (Figure 4-35) draws cold water

from

the tank di scharge pipe or |Iow point of a suction tank. The

wi thdrawn water is passed through a heater. The heated water

then naturally rises through a separate hot water pipe into the

tank. To be effective, gravity circul ation heating equi prent

nmust be located at or near the base of the tank bei ng heat ed.

[retrieve Figure 4-33. Suction Tank]

An accurate thernoneter or tenperature recordi ng device nust be
| ocated on the cold water pipe and the tenperature nonitored closely to
prevent freezing the water. Electrical tenperature supervision of the
tank may al so be provided.

o] Forced G rculation. Forced circulation heating systens use an
el ectric notor driven punp to circulate the heated water.
Heat i ng equi pnent can be renote fromthe tank (Figure 4-36). A
reliable electric supply is required for the circulation punp.

o] Vertical Radiator. Vertical radiator heaters (Figure 4-37) are
used for heating water in elevated tanks with | arge steel plate
risers. The radiator elenent is inside a sleeve. Cold water
enters the bottomof the sleeve, is heated by the radiator,
rises, and discharges into the tank.

o] Direct Discharge of Steam Direct discharge of steamuses a
st eam

Iine which enters the tank through the bottom and extends above
the water | evel of the tank, turns, and then di scharges steam
directly into the water three to four feet bel ow the nornal
fire service level. A check valve and air vent at the top of
the steamline prevent water in the tank from si phoni ng back
down the steam i ne.

o] Steam Coi |l Inside Tanks. Steamcoils are not suitable for

el evat ed
t anks because of the inconveni ence of observing the water
tenperature. Steamcoils can be used on suction tanks with
flat bottons (Figure 4-33). The steamcoil nust be subnerged
continuously and substantially supported at |east 1 foot above
the bottomof the tank. The coil nust be installed in the tank
so it is pitched to drain and it nust have steam pressure of at
| east 10 psi.

[retrieve Figure 4-34. Pressure Tank]

[retrieve Figure 4-35. Gavity Crculation Tank Heating System

o] Direct-Fired Heaters. Steel suction tanks can be heated by oi
or



gas fired heaters, discharging directly into an open pi pe which
extends into the tank near the bottom The heated water
surroundi ng the pipe continuously rises to the surface, heating
the colder water. A thernostat nust be near the bottom of the
tank, away fromthe heating pipe, to insure adequate heating of
all the water.

[retrieve Figure 4-36. Forced Circul ati on Tank Heati ng Systemn

4.3.2.3 Corrosion Protection. Corrosion is caused by the flow
of ionic currents from nunerous anodi ¢ areas through the electrolyte to
cathodic areas on the tank shell. Corrosion is seen as rust and pits
which formon steel surfaces. Al interior surfaces of steel tanks are
subject to corrosion. To inpede corrosion, the interior surfaces are
pai nted. The degree of corrosion depends on the quality of the paint
coating, the characteristics of the water, and environnental factors. An
econom cal and effective alternate to frequent interior repainting is
cat hodi c protection. Cathodic protection counteracts corrosion by passing
sufficient direct current froman outside power source, through anodes
suspended in the water, to the tank shell.

4.3.3 Fire Punps. Oten the flow and pressure requirenents of
sprinkler and standpi pe systens exceed the capabilities of the public or
base water supply system In these instances, fire punps are commonly
used to satisfy these higher pressure requirenents. Generally two types
of fire punps are used to supply sprinkler and standpi pe systens. They
are either the horizontal shaft centrifugal type or the vertical shaft
tur bi ne type.

o] The centrifugal type punp (Figure 4-38) is used where the
suction

source is avail able under pressure to the fire punp unit; for
i nstance, fromthe public or base water mains or froma grade
| evel tank.

o] The vertical turbine punp is used where the supply source is
bel ow
the punping unit; for instance, froma pond or underground
reservoir (Figure 4-39).

Fire punps are required to neet a characteristic curve to be
"listed" or "approved" for fire protection service. The punp nust be
able to deliver rated flow at rated pressure when operating at rated
speed. The unit nust also be able to deliver 150% of rated flow at 65%
of rated pressure and produce a maxi num pressure at shut-off (no flow) at
120% of rated pressure for centrifugal punps and 140% of rated pressure
for vertical turbine punps (Figure 4-40). Fire punps may be single stage
or nultiple stage. Miltiple stage punps are for high pressure demands.

Afire punp unit is an assenbled unit consisting of a fire punp, its
driver, a controller (notor starter), and accessories. The typical
accessories are described bel ow.

o] Circulation Relief Valve. Wen punps are operating against a
cl osed head, the water in the punp casing heats up and could
physi cally damage the fire punp. To prevent the water from



[retrieve

[retrieve

[retrieve

overheating, a 3/4-inch circulation relief valve is provided to
al I ow enough water to be wasted and repl eni shed to prevent
over heati ng.

Figure 4-37. Vertical Radiator Tank Heating Systeni

Figures 4-38 and 4-39. Horizontal Shaft Centrifugal Fire Punp
and Vertical Shaft Turbine Fire Punp]

Figure 4-40. Characteristic Curves of Horizontal Verti cal
Shaft Fire Punps]

Pressure Relief Valve. Fir e punps powered by variabl e speed
drivers or where the discharge pressure may exceed the worKking
pressure of the pipe fittings in the systemare equi pped with a
pressure relief valve (Figure 4-38). This valve allows
pressure to be bled off the systemwhen it reaches the "set"
poi nt of the valve. Typically this set point is adjusted to a
pressure slightly bel ow maxi nrum achi evabl e pressure of the punp
or below the working pressure of the pipe fittings. This
allows the relief valve to operate each tinme the punp is
started and prevent it from sticking closed.

Testing Devices. Punps are arranged for testing to determ ne,
periodically, that the punp is capable of producing rated
guantity at rated pressure.

Two different types of testing devices are available for use on punps.

(0]

Hose Header. The hose header (Figure 4-38) is a cast iron head
whi ch has between two and eight 2-1/2-inch hose val ves attached
toit, wth one 2-1/2-inch hose valve for each 250 gpm of punp
capacity. Lengths of 2-1/2-inch fire hose are attached to the
val ves; nozzles (called playpipes) are placed on the hoses.

The pl aypi pe has a standard bore of 1-3/4-inches and a
removable tip with a bore of 1-1/8-inches.

Testing with this type of arrangenent is usually acconplished by placing
a pitot tube (Figure 4-41) with gauge into the flow ng stream of water
and recording the pressure. This pressure is the velocity pressure of

t he wat er,
f or nul a:

fl ow

which is convertible to gallons per mnute by charts or the

@9. 83 Cd+2+ |
wher e:

water flow rate in gpm

coefficient of discharge of the nozzle
orifice dianeter in inches

pressure recorded on the pitot gauge in psi

Q
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p

Flow Meters. Flow neters (Figure 4-42) directly neasure the

of water fromthe punp in gallons per mnute. The inlet to
t hese devices is connected to the punp di scharge piping and
provided with a calibrated neter. The neters may be orifice



pl ate or venturidesign. In both cases, the differential
pressure across the restriction is nmeasured and then converted
to gallons per mnute. The neters are calibrated at the factory
and no field adjustnents are needed.

[retrieve Figure 4-41. Pitot Tube]
Figure 4-42. Flow Meter Installation. PHOTOGRAPH NOT | NCLUDED
4.3.3.1 Horizontal Split-Case Centrifugal Punp. Horizonta

split-case centrifugal punps (Figure 4-43) are the npbst conmon type.
They are characterized by easy accessibility to all working parts, rugged

construction, |iberal water passages, anple strength in all working
parts, and having corrosion-resistant nmaterial for working parts exposed
to corrosion. In these punps, waterflow fromthe suction inlet in the

casing divides and enters the center of the inpeller fromeach side

t hrough an opening called the "eye." Rotation of the inpeller drives the
water by centrifugal force fromthe eye to the rim and through the
casing volute to the discharge outlet. Wen centrifugal punps are
arranged for automatic or renote control, they are usually provided with
an automatic air release which prevents air frombecom ng entrained in
the water and causi ng damage to the punp.

Figure 4-43. Horizontal Split-Case Centrifugal Fire Punp. [PHOTOGRAPH
NOT | NCLUDED]

4.3.3.2 Vertical Shaft Turbine Punp. A vertical shaft fire
punp (Figure 4-44) consists of a notor head or right-angle gear drive, a
colum pi pe and discharge fitting, an automatic air release, a drive
shaft which nmay be open or enclosed, a bow assenbly (where the inpellers
are located), and a suction strainer. The vertical turbine punps have
their inpellers suspended fromthe punp head by a vertical shaft within a
colum pipe, which also serves as a support for the line bearings. The
colum pi pe containing the punp shaft and inpellers is subnerged in the
suction water supply. The water pressure is elevated fromone inpeller
to another and finally discharged fromthe punp outlet. Typically, a
vertical turbine punp is powered by an electric notor nounted on top of
the punp with the shaft of the notor vertically aligned. Wen using an
i nternal conbustion engine or a steamturbine driver, a right-angle gear
drive is used to transmt power fromthe engine to the punp.

4.3.3.3 Drivers and Controllers. The nost comon net hod of
providing power to a fire punp is through an induction type AC electric
nmot or (Figure 4-45) which operates at voltages | ess than 600 volts.
However, in sone installations, direct current notors of the stabilized
shunt type or cunul ati ve conpound-wound type, or notors which operate at
hi gher voltages than 600 volts, are used. Mdtors which operate at
vol t ages hi gher than 600 volts introduce problens of personnel hazard,
hi gher cost, and nore conplicated installation procedures. Mbtor
controllers (Figure 4-46) for fire punp service are conpletely assenbl ed
in a self-supporting nonconmbustible structure. The controllers are
arranged to start the fire punp nmanually, or automatically by a drop in
wat er pressure or waterfl ow

El ectrical power supplies to fire punp notors and controllers should

be arranged so that they are reliable and so that any outages which may



occur are only nonentary. Enmergency power to fire punps nmay be provided
by an energency generator with a transfer switch to switch the controller
to the generator when an interruption occurs to the primary supply.
(Using a generator is expensive. Internal conbustion engine drivers are
of ten enpl oyed.)

Engi ne drives (Figure 4-47) are usually provided when el ectrical
power sources are unreliable or when the fire punp is for standby
suppl enmental service. Engines powered by diesel fuel, gasoline,
i quefied petroleumgas, and natural gas may be in use for fire punp
installations. However, only diesel engine drivers are acceptable in new
installations. To prevent the engine fromoverheating, a closed pipe
systemw th a heat exchanger is usually used for cooling. Typically,
this cooling systemis arranged to take water for cooling fromthe
downstream side of the fire punp prior to the punp discharge val ve
(Figure 4-48). The exhaust fromthe engi ne nust be piped to a safe point
out side the punp room where personnel or property will not be endanger ed.

Fire punp engi nes should have a fuel supply sufficient for the
engine to run for 8 hours. Engines use approximately 1 pint of fuel per
hor sepower per hour. The arrangenent for a diesel engine fuel systemis
shown in Figure 4-49. The starters for internal combustion engines are
powered frombatteries. It is inportant to keep the batteries at ful
charge continuously. There are two neans of recharging the batteries:
one is by the alternator or generator on the engine, and the other is
typically by a battery charger located in the controller

Figure 4-44. Vertical Shaft Turbine Fire Punp. PHOTOGRAPH NOT | NCLUDED.

Figure 4-45. Electric Mdtor Driven Fire Punp. PHOTOGRAPH NOT | NCLUDED
Figure 4-46. Fire Punp Motor Controller. PHOTOGRAPH NOT | NCLUDED
Figure 4-47. Engine Driven Fire Punp. PHOTOGRAPH NOT | NCLUDED

[retrieve Figures 4-48 and 4-49. Engine Cooling Water Arrangenent and
Fuel System for Diesel Engine Driven
Fire Punp]

Controllers for internal conbustion engines (Figure 4-50) are
simlar to controllers for electric notor driven fire punps in
construction, electric wiring, and nmethods of actuation. They differ in
t he warning signals provided for the follow ng mal functions: failure to
start, overheated engi ne (above 190 deg. F), low oil, pressure, and
over speed.

Figure 4-50. Internal Conbustion Engine Fire Punp Controller.
PHOTOGRAPH NOT | NCLUDED.

| f the engine experiences overheating or low oil pressure, an alarm
sounds but the engine continues to run until it is manually shut down or
it self-destructs. Automatic shutdown occurs on overspeed at a speed
approxi mately 15% above rated speed.

When adequate and reliable steam supplies are avail able, steam
turbi nes are acceptable for use as drivers for fire punps. Usually steam
turbine driven fire punps are manually controlled. To be acceptable for
fire punp service, steamturbines nust be able to drive the punp at rated



speed and maxi num punp | oad when steamis supplied at a m ni num pressure
of 80 psi. Turbines designed to operate at |ess than 80 psi are not
acceptable for fire punp service.

4.3.4 Control Valves. Control valves in distribution systens all ow
portions of the systemto be shut off w thout interrupting water service
over a large area. Control valves can be nonindicating or indicating
val ves.

4.3.4.1 Nonindicating Control Valves. These valves are placed
underground and require a key wench for operation (Figure 4-51).

4.3.4.2 Indicating Control Valves. There are two nmain types
of indicating control valves-post indicator and outside screw and yoke
(0s&Y)

o] Post indicator valves (Figure 4-52) are placed underground and

have
a post attached to themfor operation and for visually
i nspecting the valve to see if it is open or shut. Post
i ndi cator valves are of the gate ow butterfly type.

Figure 4-51. Key Operated Control Valve. PHOTOGRAPH NOT | NCLUDED

[retrieve Figure 4-52. Post Indicator Valves]

The gate val ve type post indicator has a target attached to the operating
shaft inside the post. The target noves up and down as the operating
shaft turns. This device, however, does not directly indicate the
position of the gate valve. |If the operating shaft breaks or if the
target is msaligned, the target may give a false indication of the
position of the valve. The butterfly valve type post indicator has an
interior shaft inside the post attached directly to the butterfly
mechanismin the valve. The butterfly valve target positively indicates
if the valve is open, shut, or partially open.

o] Qut si de screw and yoke gate val ves indicate open or shut
condi tion
by a threaded operating stemattached directly to the gate
portion of the valve (Figure 4-53). Wen the stemis exposed
beyond t he hand wheel, the valve is open.

[retrieve Figure 4-53. (OS&Y Gate Val ve]

4.3.5 Check Valves, Waterflow Meters, and Backfl ow Preventers.
Check val ves and backfl ow preventers allow water to flowonly in a
single, desired direction.

4.3.5.1 Check Valves. Check valves use a clapper inside a
housing to allow water to flowin one direction. |If water pressure
i ncreases fromthe opposite direction, the clapper closes and prevents
flow.

o] Swi ng Valve. A swing check valve (Figure 4-54) is the nost
conmmon
type of check valve. The clapper is installed in a valve body
with a pivot point on one side. Water pressure fromthe
upstream si de of the valve forces the cl apper open allow ng the
water to pass through the valve. In a no flow or reverse flow



condition, the clapper closes against the seat to prevent
backf | ow.

Figure 4-54. Sw ng Check Val ve. PHOTOGRAPH NOT | NCLUDED.

o] Waf er Check Valve. A wafer check valve (Figure 4-55) has a
split
cl apper held in the closed position by springs on each half of
t he cl apper.

o] Doubl e Check Val ves. A doubl e check val ve provides a higher
degree
of positive shut-off against backflow. The double check val ve
is essentially two swing check valves installed in series with
a space between the two cl appers (Figure 4-56).

Normal Iy, a swing check valve closes tightly. However, occasionally
| eakage can occur due to inproper maintenance or obstructions in the

water lines which may hold the cl apper open. In a double check val ve
arrangenment, the probability that both valves will leak at the sane tine
IS renote.

Usual |y an 18-inch space between the clappers is sufficient to prevent
materials in the waterpi pe from hol ding both val ves open. The greater
t he space between the two valves, the |l ess the chance they will both be
bl ocked open. If there is enough space, a 3- to 5-foot spacer can be
pl aced between the two val ves.

Figure 4-55. Wafer Check Val ve. PHOTOGRAPH NOT | NCLUDED.

4.3.5.2 Waterflow Meters. Waterflow neters are used to
nmeasure the amount of water passing through them

o] Det ector Check. A detector check valve (Figure 4-57) is a
speci ali zed check val ve assenbly to detect possible | eakage or
unaut hori zed use of water from sprinkler or standpi pe systens.
The detector includes a mainline check valve and a neter
installed in a bypass around the valve. The check valve
portion uses an internally weighted cl apper which remains
closed until there is a predeterm ned pressure |oss. At |ow
flowrates, all water flows through the bypass and is
regi stered by the neter. Wth nore flow, the pressure |oss
increases until the | oss reaches the predeterm ned value to
open the mainline valve. Wen the mainline valve opens, a
smal |l portion of the water continues to be registered by the
meter and the larger portion of the water flows through the
mai nl i ne val ve unnet ered.

o] Ful | Registration Meters. There are three different types of
full
registration nmeters. These neters have been designed to
produce only a small friction | oss which negligibly reduces the
avai |l abl e water pressure to the sprinkler systemwth | arge
flows.

Proportional Type. The proportional meter (Figure 4-58) is
simlar to a detector check in that a neter is installed in a



bypass around the mainline valve. For small flows the
operation is exactly the sane as a detector check.

[retrieve Figure 4-56. Double Check Valve Installation]
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Figure 4-57. Detector Check Valve Wth Meter In By-Pass. PHOTOGRAPH NOT
| NCLUDED.

Figure 4-58. Proportional Type Full Registration Water Meter.
PHOTOGRAPH NOT | NCLUDED

When the mainline valve opens, the water passing through the
opening is slightly restricted by an orifice imedi ately ahead
of the mainline valve. This orifice diverts a fixed percentage
of the flow through a neter which is calibrated to record tota
flow through the line. The neter in the bypass continues to
record waterflow after the mainline valve has opened. To
determ ne total flow, the readings on both neters are added

t oget her.

D spl acenent Type. The displacenent nmeter (Figure 4-59) is
simlar to the proportional neter except all working parts are
| ocated inside one casing. Two neters are provided, one on
each side of the main waterway. For small flows, the water is
channel ed through an internal bypass and regi stered on one
nmeter. Wth larger flows, the mainline valve opens, stopping
the flow of water through the bypass and the mainline neter
registers the flow To determne total flow, the readings on
both neters are added toget her.

Turbo Type. The turbo nmeter (Figure 4-60) is conposed of two
assenblies in one casing. The first assenbly consists of

strai ghtening vanes to provide a snooth flow of water into the
second assenbly which is the neasuring chanber. The neasuring
chanber contains a rotor, an adjusting vane, a pulse anplifier,
and a termnal strip for attaching the connecting cable. As
the rotor turns, the pulse anplifier sends signals to the
register. Wen using a turbo neter, it is necessary to provide
either a strainer or a straight piece of pipe (mninmmlength
15 pipe dianeters) imediately ahead of the waterflow neter to
assure valid registration.

Figure 4-59. Displacenent Type Full Registration Water Meter.
PHOTOGRAPH NOT | NCLUDED

[retrieve Figure 4-60. Turbo Type Full Registration Water Meter]

4.3.5.3 Reduced Pressure Backflow Preventer. A reduced pressure
backfl ow preventer is simlar to a double check valve. An automatically
operated pressure differential relief valve is installed between the two
check valves. In case of |eakage at either check valve, the relief valve
mai ntai ns the pressure between the two check val ves bel ow the supply
pressure to prevent backflow (Figure 4-61).

Figure 4-61. Reduced Pressure Backflow Preventer. PHOTOGRAPH NOT
| NCLUDED.

4.3.6 Automatic Pressure Regulating Valves. Automatic pressure
regul ating valves are used in water supply systens to keep tanks from
overfl ow ng, reduce pressures, and bl eed off enough water to prevent high



pressures caused by surges. The nore common types of pressure regulating
val ves are described in the follow ng sections.

4.3.6.1 Float Valves. Float valves (Figure 4-62) are
installed on tanks to shut off the water supply when the water rises to a
predeterm ned |l evel. The float can be adjusted to close the valve at the
desired level in the tank. The valve seats will becone damaged if the
valve is held partially open for a long period of tine. A large float
and float armis required with high pressure water supplies and ice and
debris can interfere with val ve operati on.

4.3.6.2 Altitude Valves. Altitude valves, like float valves,
shut off the water supply when it reaches a predeterm ned | evel.
Al titude valves are self contained, except for the pressure sensing
lines. Two basic types are avail abl e.

o] Doubl e- Acting Altitude Valves. A double-acting altitude valve
(Figure 4-63) is usually installed on a tank where the supply
pressure at the valve inlet is subject to fluctuations. The
val ve closes at the high water |evel and opens for return flow
when pressure at the valve inlet drops bel ow the tank water
pressure created by the water |evel.

Figure 4-62. Direct Acting Lever Operated Float Valve. [PHOTOGRAPH NOT
| NCLUDED]

Figure 4-63. Double Acting Altitude Valve. PHOTOGRAPH NOT | NCLUDED.

o] Single-Acting Altitude Valve. A single-acting altitude valve
(Figure 4-64) is installed on a tank where the supply pressure
at the valve inlet is constant and higher than the pressure
created by the maxi numreservoir |level (head). The valve
cl oses when the water in the tank reaches its high water |evel.
Water is withdrawmn fromthe tank through a separate di scharge
line. Wen the water | evel drops below the shut-off level, the
single acting altitude valve opens to refill the tank.

4.3.6.3 Pressure Reducing Valves. Pressure-reducing val ves
(Figure 4-65) throttle the flow of water in pipes to keep the pressure at
t he di scharge side constant, regardless of the rate of flow and pressure
at the inlet. These valves are sonetines used as altitude valves. |If a
great variation in the rate of flowis expected, pressure-reducing val ves
of different sizes may be installed in groups and adjusted so they cone
into operation fromthe smallest to |largest as the flow rate increases.
This causes only a slight variation in discharge pressure between maxi mum
and mnimumflow rates. Sone pressure-reducing valves can be set too
sensitively. Wen this happens, the valve reacts so rapidly that it
causes a surge.

Figure 4-64. Single Acting Altitude Valve. PHOTOGRAPH NOT | NCLUDED.

4.3.6.4 Pressure Relief Valves. Pressure-relief valves (Figure 4-
66) di scharge water from pi pes or systens when a nmaxi num desired pressure
is exceeded. They are installed on | ow pressure systens which are fed
t hrough pressure-reducing val ves from hi gh pressure supplies to prevent
damage if the pressure-reducing valves fail to operate correctly. These
val ves are also used on fire punp headers. Relief valves are essentially
pressure-reduci ng valves in which the control mechani smresponds to



pressure on the inlet side rather than the outlet end.

Figure 4-65. Pressure Reducing Valve. PHOTOGRAPH NOT | NCLUDED.

Figure 4-66. Pressure Relief Valve. PHOTOGRAPH NOT | NCLUDED.
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CHAPTER 4. SELF- STUDY QUESTI ONS
Instructions: Select the correct answer(s) for each of the follow ng
guesti ons.
&A-1 The three basic conponents of a sprinkler system are:
a. Water control valve(s)

b. A piping network

c. Afire punp

d. A water supply

e. Sprinklers
-2 The part of a sprinkler which breaks up water into droplets is
call ed

a deflector.

a. True b. False

-3 Sprinkler tenperature ratings are sonetines identified by the
col or of
the sprinkler frane. A blue frame signifies a tenperature rating
of :
a. 165 deg. F
b. 212 deg. F c. 220 deg. F d. 286 deg. F
X4-4  An uncolored sprinkler signifies a tenperature rating of:
a. 165 deg. F
b. 212 deg. Fc. 220 deg. F d. 286 deg. F
&A-5 The nost common type of sprinkler systemis a:
a. Dry pipe system
b. Lawn sprinkler system
c. Wt pipe system
d. Pre-action system
X4-6  Water should never be allowed inside a dry pipe val ve.

a. True b. False
-7 A differential dry pipe valve has a nomnal water to air ratio of:
a. 6:1
b. 3:1
c. 81
d 2:1
-8 The device(s) used to speed the operation of a dry pipe valve is
call ed a:
a. Quickie
b Speedst er
c. Accelerator
d Exhaust er
e Bl eeder

A-9 Alowdifferential dry pipe valve is required to have an air
mai nt enance devi ce.
a. True b. False
X-10 An air check valve is simlar to a dry pipe valve. a. True
b. False

X-11 In a pre-action sprinkler system all sprinklers operate at the
sanme tine.



a. True b. False

A-12 A supervised pre-action sprinkler systemis one in which:
a. Afire alarmsystemis provided to signal that water is
flowwng b. The piping is filled with air to detect |eaks
c. The control valves are supervised to insure that they are open
d. None of the above

A-13 A pre-action and a dry pipe sprinkler systemare the sane.
a. True b. False

X-14 A conbined systemuses two different types of extinguishing
agents. a. True b. False

X-15 Rapid reaction fire suppression systens operate in tinmes |ess
than: a. 1 second

b. 5 seconds c. 10 seconds d. 1 mnute

A-16 The waternotor alarm has a connection to an el ectrical power
supply to operate.

a. True b. False

A-17 dass Il standpi pe systens are for fire departnent use with 2-1/2-
i nch hose.
a. True b. False

4-18 Water supplies for sprinkler and standpi pe systens nust be
adequate and reliable.
a. True b. False

A-19 Wet barrel fire hydrants are used in areas subject to freezing.
a. True b. False

XA-20 Fire departnment connections are used by the fire departnent to
supply water for fire hose streans.
a. True b. False

A-21 Water tanks for fire service do not require heat. a. True

b. False

A-22 Corrosion in water tanks is usually first identified by rust. a.

True b. False

4-23 To prevent corrosion of water tanks:



a. Chemcal rust inhibitors are added to the water
b. Tanks are painted regularly
c. Cathodic protection is used d. Tanks are heated

e. Al of the above
A-24 Miltiple stage punps are suitable for fire service. a. True
b. False

A-25 Acirculation relief valve:

a. Prevents overpressurization of a fire punp
b Prevents overcirculation to a fire punp

C Prevents overheating of a fire punp

d. Prevents contam nation of the water supply at a fire punp

4-26 A hose header is used for:

a. The fire departnent to connect hoses to in the event of a fire
b. Testing fire punps
c. Drying fire hoses
d. Supplying automatic sprinklers in the event of a fire
4-27 A pitot tube neasures:
a. Pressure
b. Pitots
C Water quality
d Water level in a tank driver.

X4-28 A right angle gear drive is used to transmt power from an engine
driver to a fire punp which is around the corner fromthe
i nt er changeabl e.
a. True b. False

A4-29 Controllers for engine drivers and electric drivers are

a. True b. False
X-30 The m ni num pressure at which a steamturbine my be operated in
order to be acceptable for fire punp service is:

a. 50 psi
b. 80 psi c. 100 psi d. 125 psi

A-31 A butterfly type post indicator valve directly indicates the open
position of the valve.
a. True b. False

A-32 CQutside screw and yoke val ves are:
a. Located outside, underground, and require a key wench for
opening b. Used outside in conjunction with a post indicator
c. Nonindicating
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d. None of the above

Check val ves are backfl ow preventers.

a. True b. Fal se

Al titude val ves prevent water tanks fromoverflow ng. a. True

b. False

The nost frequent cause of sprinkler systemfailures is: a.
| mproper design of the system

b. Increased hazard within the building

c Cl osed water supply val ves

d. Failure of fire punps

e Frozen water tanks and sprinkler piping

A heat -actuated device (HAD) operates on the principle that:

a Heated ice nelts

b. Gases can be conpressed

C Mercury i s heavier than water
d Heated air expands

Mercury checks are provided to subdivide several HADs into snal
groups so that:

a. The location of the fire can be identified

b. The pressure developed in a few HADs wi ||l not be absorbed by
ot her HADs

c. The installing contractor can justify additional noney for the
instal lation
None of the above

A conpensating vent of an HAD systemis provided to:

Allow a time delay on system actuation

Prevent odors from accunul ati ng

Prevent system actuation due to atnospheric changes
Provide an air supply into the air tubing

Qoo



e.
X4-38 Residential sprinkler systens include sprinkler

Heads which are faster responding with uni que water
di stribution characteristics

Pl astic pipe

Smal | di aneter pipe

Al'l of the above

o

oo



CHAPTER 5. | NSPECTI ON, TESTI NG, AND MAI NTENANCE OF
AUTOVATI C SPRI NKLER AND STANDPI PE SYSTEMS

5.1 GENERAL. Sprinkler and standpi pe systens, when properly installed,
are an effective nmeans of protecting Iife and property against fire. To
insure the reliability of these systens, periodic inspection and

mai nt enance of the individual conponents of the systens is required.

| nspection for each major conponent of the fire protection system

shoul d i nclude a visual inspection and, if practical, a test of the
conponent to assure its working condition. Regular service contracts
wi th the manufacturer or installer are recommended. The frequency of the
overall testing and inspection process is summarized in Table 5-1.

As wth all fire protection systens, be certain that sprinkler and
st andpi pe systens are restored to normal operating condition after
i nspection, testing, and mai ntenance. The use of a nmintenance log is
suggest ed.

5.2 AUTOVATI C SPRI NKLERS. I nspection for automatic sprinklers consists
of an annual visual observation of the unit. The physical condition
affects the ability of the sprinkler to perform Review obstructions of
the heat flowto the sprinkler and of the proper water discharge pattern
fromthe sprinkler.

I f inspection of sprinklers reveals damage, replace the affected
sprinklers. Sonetinmes, sprinklers need to be relocated or repl aced.
When renoving or installing sprinklers always use a sprinkler wench.
O her wenches may damage the sprinklers. Be certain that replacenent
sprinklers are of the sane style, orifice size, tenperature rating,
coating, deflector type and RTI unless an engi neering eval uation dictates
otherwi se. Upright and pendent sprinklers are not to be interchanged.

The identification of hydraulically designed systens should be
present at the sprinkler riser. The identifying |abel should include the
desi gn basis, such as design pressure, area of operation and density.

Some of the conditions that affect sprinklers and renedial actions

are:
o] Mechani cal injury such as bent or |oose deflectors or bent
frames.
Where subjected to continual damage, provide approved sprinkler
guar ds.
o] Corrosi on-marked di scoloration or hard deposits. Use |ead-
coat ed

or wax-coated sprinklers to prevent corrosion

o] Over heating-giving way of soldered joints and cracked quartz
bul bs. Tenperature ratings for soldered |link and quartz bulb
sprinklers should be 50 deg. F and 25 deg. F above normal room
tenperature, respectively.

o] Freezi ng-reduced tension in soldered |Iinks, bent struts, and
di storted caps. Replace sprinkler head.



o] Loadi ng-deposits of paint or other foreign materials. \Were
directly exposed to such deposits, sprinklers should be
repl aced annual ly.



TABLE 5-1
SUMVARY OF | NSPECTI ON AND TEST FREQUENCI ES FOR
SPRI NKLER AND STAND PI PE SYSTEMS

pressure in pressure tanks;

o o o o e o o o e f o o e e o o e e e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e e e m e e m o= =
_________ +! ltem \Weekly, Bi-Monthly;

IQuarterly:AnnuaIIy: EVERY 3 YR, | | | | |
| 1 1 1 1 1
11. Check general condition of; | | | X

| sprinklers and sprinkler | | | I |

: systems ! ! ! ! !

: | | | | |
12. Conduct flow tests of open; | | | X |

: sprinklers ! l | | l

1 1 1 1 1 1
| 1 1 1 | 1
13. Conduct main drain tests | | | X | |

1 1 1 1 1 1
| 1 1 1 1 1
14. Test waterflow alarms | | | X | |

1 1 1 1 1 1
| 1 1 1 1 1
5. Check air and water ! ! I x* l

! pressure in dry pipe ! ! : | |

: systems ! ! ! ! !

: | | | | |
16. Trip test dry pipe valves | | | | X |

1 1 1 1 1 1
| 1 1 1 | 1
17. Drain low points in dry | | | | X |

l pipe systems l l l l l

1 1 1 1 1 1
| 1 1 1 1 1
I8. Trip test deluge and pre- ! ! : | |

X l

! action system ! | | | |

1 1 1 1 1 1
| 1 1 1 1 1
9. Trip test high speed ! : | | |

X l

! suppression systems : | l | i

1 1 1 1 1 1
| 1 1 1 1 1
110. Check condition of stand- | | | | X |

l pipe system l l l l l

1 1 1 1 1 1
| 1 1 1 1 1
111. Perform waterflow tests | | | xX* :

! from water mains ! ! : I |

1 1 1 1 1 1
| 1 1 1 1 1
112. Check general condition of| | | | X |

| hydrants | | | | |

1 1 1 1 1 1
| 1 1 1 1 1
113. Check general condition of| | | X | |

| fire department connection, : : | |

1 1 1 1 1 1
| 1 1 1 1 1
114. Check water levels in tank| : : X* | |

1 1 1 1 1 1
| 1 1 1 | 1
115. Check condition of water | : : xX* :

! storage tanks ! ! | | I

1 1 1 1 1 1
| 1 1 1 1 1
116. Check water level and air | X ! ! I

|

1



117. Check condition of I I l :
! pressure tanks | | | |

18. Check tank heating systems;

19. Inspect and test cathodic | | | | X
protection equipment | i ! !

20. Start fire pumps ! lX | i

21. Check fuel supply to ! 'S | |
engine drivers I I l :

1
22. Perform fire pump flow | i | | X

tests | | |

I
|
I
|
I
|
I
|
I
|
I
|
I
|
I
|
I
|
I
|
I
|
I
|
I
|
|
I
123. Inspect and test | | | :
! controllers ! | | |
|
I
|
I
|
I
|
I
|
I
|
I
|
I
|
I
|
I
|
I
|
I
|
I
|
I
|
I
|
1

I
I
24. Inspect control valves | | lOX* | |
for open position ! : | |

25. Conduct general preventive, | | i X
maintenance inspection of | | | |
valves | | |

1
1
26. Inspect check valves, | | IX |
waterflow : | : |
meters, and backflow | | | |
preventers | | | :

27. Test pressure regulating | | | | X
and altitude valves | | | |

---------- * For Supervised systems, inspection can be
performed annually during routine
facility inspections, whichever is more frequent.
5-2

X



o] Maj or construction and occupancy changes, and changes to
heat i ng,
lighting, and air conditioning systens may require relocation
or 10 replacenent of sprinklers or additions to the system
Changes in sprinkler |ocation and pipe sizes should be based
upon an engi neering eval uati on.
o] Protection of comrercial -type cooki ng equi prent check sem -
annual ly. Replace the heads annually.
o] Stock piling a clearance of at |east 18 inches under sprinklers
is
necessary for proper water distribution.
o] Extra sprinklers-Keep a supply of extra sprinklers for the
vari ous
types and tenperature ratings required, and a sprinkler wench.
Spare sprinklers should be kept in a dry area, with a
tenperature | ess than 100 deg. F and not exposed to dust or
corrosion. Refer to Table 5-2 for guidance on the nunber of
spare sprinklers which should be avail abl e.
TABLE 5-2
SPARE SPRI NKLER SUPPLIES +---------------------
_____________________________________ +
| Total Number of Sprinklers Minimum Number of |
| in Building Spare Sprinklers |
b ¥
1-300 6 |
: 301 - 1000 12 !
| 1001 or More 24 |
e +

5.3 OUTSIDE OPEN SPRINKLERS. Outside open sprinklers are sometimes
obstructed by material in the orifice. Perform the following annually.

(0]

(0]
water

Visually check general condition of sprinklers.

Close windows and doors and take proper precautions to avoid
damage to property before flow tests.

Conduct flow tests by opening the control valve.

After flow tests, remove and clean plugged or obstructed
sprinklers.

5.4 PIPING AND HANGERS. Inspect piping and hangers annually for the

following:
0
piping

(0]
or

Mechanical injury and corrosion. Replace bent or damaged
and fittings and replace or repair missing or loose hangers.
Make sure that piping is not used to support stock, equipment,

other material.



o] Make sure wet pipe systempiping is properly protected agai nst
freezing.

0 Before and during freezing weather, check piping of dry pipe
systens for proper drainage.

o] During freezing weather, open drains for outside sprinkler
systens.
o] Drain water fromlow point drains and drumdrips on dry pipe

systens before freezing weat her occurs.
5.5 OBSTRUCTED PIPING To find evidence of obstructions in piping,
check for the presence of stones, scale, nud, or other foreign material
in water discharged during 2-inch drain tests or inspector test. To
determ ne the extent and type of obstruction.
1. Tie a burlap bag over the discharge outlet of the 2-inch drain.
2. Allow a full flow fromthe 2-inch drain for 3 to 5 mnutes or
unti |
wat er runs cl ear.

3. Exam ne the contents of the bag.

When evi dence of obstruction has been found, check for the follow ng

sources of obstructing material :

o] | mproperly screened inlets fromopen bodies of water.

o] Poorly maintained el evated gravity tanks.

o] Dead end of extensive water distribution systens.

o] Poorly installed underground mains.

o] Hi ghly acid, alkaline, or saline water.

o] Active chemi cals in water supply.

o] Use of second-hand materials in the sprinkler system

o] Frequent operation of systens, especially dry pipe systens,

i ntroduci ng additional foreign material and free oxygen.

5.6 FLUSH NG SPRI NKLER SYSTEMS. Finely divided materials, such as sand,
wi |l wash through a sprinkler opening. However, if deposits are becom ng
solidified, or if stones, cinders, and the |ike are present, flush the
sprinkler system There are three methods of flushing obstructed piping
in sprinkler systens.

5.6.1 Hydraulic Method. The hydraulic nmethod is the nost common
and | east expensive nethod of the three. Waterflow in the systemis in
the sane direction as when the systemnornally operates--fromthe riser
to the open fitting. Before flushing the sprinkler systens, clear the
wat er supply piping of any foreign materials which m ght be brought into
the sprinkler system (See the procedures on flushing underground water



mai ns, section 5.18). In multi-story buildings, systens should be
flushed by starting with the |owest story first and working up.

When flushing dry pipe systens, the systemshould be filled with
water for 1 or 2 days before flushing to allow the pipe scale and
deposits to soften. Drain the systemand reset the dry pipe val ve before
flushing continues. Flush cross mains first by attaching 2-1/2-inch fire
hose and val ves at the ends of the cross mains. To prevent kinking of
the fire hose, install an el bow between the end of the cross main and the
2-1/2-inch hose val ve.

After feed mains and cross mains have been thoroughly cleaned, flush
branch lines. Fit the ends of branch lines with valves and flush
i ndi vidual |ines of the group consecutively. (This will elimnate having
to shut off and drain the systemfor each individual branch Iine being
flushed.) Renove all pendent sprinklers, after flushing has been
conpl eted, and renove any foreign materials fromthe sprinklers and
associ ated pi pi ng.

5.6.2 Hydropneumatic Method. The hydropneunatic nethod requires
speci al equi pnent including a 30-gallon water tank connected to a 25-
gallon air tank. Waterflowis fromthe end of the system back toward the
riser. Because of the specialized equi pnent and procedures required when
using this nmethod, it should be perfornmed by qualified sprinkler
contractors only.

5.6.3 Mechanical Methods. Infrequently, deposits are too hard to
remove by hydraulic nethods. |In these cases, deposits are renoved by
hand rodding or air driven cutter heads used by qualified and experienced
contractors. if checking-shows excessive deposits of this type,
repl acenent with new piping is usually | ess expensive than cl eaning by
mechani cal neans.

5.7 ALARM CHECK VALVES. Performa 2-inch drain test quarterly to test

al arm check valves. Qpen the 2-inch drain valve fully and record
pressure on the gauge | ocated bel ow the clapper at | owest point and cl ose
the 2-inch drain valve and record pressure at stabilization point.

Noti ce whether pressure returns quickly or slowy. Maintain a continuous
record of drain tests. if the recorded pressure with the valve w de open
is simlar to previous recordings and the pressure returns quickly when
valve is closed, it is normal. Oherw se, there may be an obstruction in
the waterway. Check for

o] Partially closed valves to sprinkler system
o] Qostruction in alarmval ve preventing cl apper from opening
freely

Test local waterflow alarmoperation quarterly by opening the test
connection at the end of the system \ere there is no test connection,
the alarm may be tested by opening the bypass valve to the circuit opener
or closer or by opening the 2-inch drain valve about 2-1/2 turns. Do not
test water notor alarnms during freezing weather. To find principal
causes of alarmfailures, check for the foll ow ng:

o] Failure of automatic drain on retard chanber to cl ose.

o] Cl osed or partially closed valve on piping to al arm devi ces.

o] Pl uggi ng of bell casings of water notor gongs by foreign



mat eri al .

o] Corrosion of nmoving parts of water notor gongs.

o] Det achnment of shaft couplings fromwater notor gongs.

o] Insufficient water flow to operate devices.

o] Al arm check val ve corroded shut. (This type of failure is not

common and will not occur when systens are properly
mai nt ai ned. )

To find principal causes of false fire alarns, check for the foll ow ng:

o] | mproper drainage of retard chanber. (Correct this by opening
chanmber and cleaning or repairing automatic drain.)

o] Pressure surges through the al arm check val ve.

Fill wet pipe sprinkler systens slowy through throttled val ves and

open the control valve-wi de after system has been filled. Be sure there
is no drainage fromretard chanbers. Leakage neans that the al armval ve
cl appers are not seating properly and require cl eaning and possibly

over haul i ng.

Make internal inspections of alarmvalves when normal testing
procedures indicate the need.

o] Exam ne val ve body for tubercul ation.
o] Check cl apper operation--the clapper should nove freely w thout
sticking or binding.

o] Repl ace cl apper facings as required.

o] Resurface seat rings as required.
5.8 DRY PIPE VALVES AND Al R CHECK VALVES. Air check val ves are speci al,
smal |, dry pipe valves which are usually connected to a wet pipe system
The alarns are actuated at the wet pipe systemriser when the air check
valve "trips". To prevent premature operation, the valves should be

fitted wth an air chanber to maintain at |least 50 gallons of air in the
chanmber and on the system The water flow and | ow air pressure al arns
shoul d be tested along with a water flow test using the main drain on a
quarterly basis.

Performthe 2-inch drain test by opening the 2-inch drain valve
fully and recording pressure at |owest point. Cl ose the 2-inch drain
val ve and record pressure at stabilization point. Notice whether
pressure returns quickly or slowy. Mintain a continuous record of

drain tests. |If recorded pressure when the valve is wide open is simlar
to previous recordings and pressure returns quickly (in a matter of
seconds) when the valve is closed, it is normal. Oherwi se, there may be

an obstruction in the waterway. Check for partially closed valves to the
sprinkler system

Because dry pipe sprinkler systens are installed in areas which are
expected to drop bel ow freezing tenperatures, all parts of the system
must be air tight and kept free of water. Conplete drainage is



essential. Each fall, before freezing season cones, check the pitch of
all piping carefully using a split level to detect dips and small pockets
inthe lines. Check for:

o] Br oken, | oose, or m ssing hangers.
o] Water in | ow point drains.
Check air or nitrogen, and water pressures weekly. |If air or

ni trogen pressure | osses exceed 10 psi, check the entire systemfor
tightness and elimnate air |eaks. Principal checking nethods are:

o] Put a strong snelling oil, such as oil of peppermnt, into the
air
supply. This will produce a strong odor at the point of
| eakage.
o] Paint fittings with a soapy water solution and watch for
bubbl es.

Check tenperature of valve enclosure and maintain a tenperature
above 40 deg. F. Make certain that the valve between the internediate
chanber and the al arm devices is open on dry pipe val ves.

Check drip valves at internedi ate chanbers, nmaking certain that
cl appers or balls are in a position to allow drainage. This is done by
l[ifting push rods or by inserting a pencil in the opening. Water |eakage
through this valve is an indication that the water clapper is not hol ding
tightly to the seat.

Check the air pressure. The air pressure versus water pressure for
differential dry pipe valves should be as outlined in Table 5-3, unless
ot herwi se specified by manufacturers’ operating instructions. Certain
mechani cal type dry pipe valves are designed to trip at a fixed pressure
of 10 to 15 psi. Maintain 30-psi air pressure on these val ves.



TABLE 5-3
Dl FFERENTI AL DRY PI PE VALVE Al R PRESSURE SPECI FI CATI ONS +-----

_________________________________________________ +
| Maximum Water Pressure | Air Pressure Range |

l (psi) (psi) l
SR RS o

50 | 15-25 |

! 75 ! 20-30 |

! 100 : 25-35 l

: 125 ! 30-45 !

| 150 | 35-50 |

e +

Basic inspections for accelerators and exhausters include the following:

o] Check air pressure. System and quick-opening device air
pressure
should be the same.
o] Relieve excess pressure in quick-opening device by opening
bleeder

valves or loosening air gauges.

o] If system pressure is high, relieve the excess pressure through
the
priming water test valve. Close this valve as soon as
pressures balance. To avoid the possibility of tripping the
dry pipe valve, do not open the priming test valve more than
one turn and keep the valve to the quick-opening device closed
while the priming test valve is open.

To insure that dry pipe valves will operate effectively in fire
situations, they should be trip tested annually (in the spring) as
follows:

1. Close main control valve.

2. Open 2-inch drain.

3 Open main control valve until 5 pounds pressure shows on the
water

gauge.
4. Close 2-inch drain valve slowly.
5. Open inspector's test connection of the system. Where there is

" test connection, use the most remote low point drain.
6. As soon as the dry pipe valve trips, close the main control
valve and open the 2-inch drain. This is particularly important in
permanently cold areas.
. 7. Record initial air and water pressures, air pressure at the
rip

point, and time required for tripping.

8. Examine and clean dry pipe valve interior. Replace facings and



9.
10.

gaskets i f needed.

Reset dry pipe valve and open control val ve.

When a dry pipe valve fails to trip or when a clapper fails to

latch in the open position, notify the person responsible for
fire protection so that a qualified sprinkler contractor may be
cont act ed.

To reset dry pipe val ves:

1
| ow

t est

10.

Cl ose main control valve and open the 2-inch drain valve and

point drain valves. Cose |ow point drain valves when water
stops fl ow ng.

Cl ean cl apper facings and seats.

Cl ean valve interior.

Pl ace cl appers on seats and nmaeke certain the anti-water colum
latch is in place. Bolt on the cover. Do not use grease or
other material to help seat clappers. Fill the systemw th 10-
psi air pressure to blow out any residual water through | ow
poi nt drai ns.

Open valves at the top and bottom of the primng chanber and
primng test val ve.

Admt water to the primng chanber until water flows out of

valve. Cose this valve.
Cl ose the primng chanber val ves.
Admt air pressure to the system

Open the main control valve slowy.

Close the main 2-inch drain valve, except where water hamrer

conditions exist. |In this case, |eave the 2-inch drain valve
open until pressures stabili ze.

To check air supply piping, use the follow ng procedure:

1

tightly

Note air pressure within 12 to 24 hours after resetting the dry
pi pe valve. |If air |eakage exists, test sprinkler piping for
| eaks.

Make sure the valves to manually operated conpressors are

closed. A slow air |eak back through one of these valves can
result in tripping the dry pipe valve.

Exam ne restriction orifices in air piping and air pressure
regul ators, if used, fromautomatic air conpressors to dry pipe



val ves.

5.9 ANTI FREEZE SYSTEMS. No special testing of antifreeze systens is
requi red, other than an annual check of the specific gravity of the
antifreeze solution. Characteristics of the nost common antifreeze
solutions are listed in Table 4-2. |If the specific gravity indicates a
need for replenishing the antifreeze agent, be sure to add the sane agent
as previously used.

5.10 DELUCE AND PRE- ACTI ON VALVES. Performthe 2-inch drain test
quarterly by opening the 2-inch drain valve fully and recording pressure
at the lowest point. dCose the 2-inch drain valve and record pressure at
the stabilization point. Notice whether pressure returns quickly or
slowy. Miintain a continuous record of drain tests.

I f recorded pressure when valve is wide open is simlar to previous
recordi ngs and pressure returns quickly when valve is closed, it is
normal . Ot herwi se, may be an obstruction in the waterway. Check for
partially closed valves to sprinkler system Check:

0 WAt er pressure
o] Local waterflow al armthrough bypass connection

Some del uge systens have both open and cl osed sprinklers. Mke sure
operational heat-responsive devices are provided in areas with both open
and cl osed sprinklers and are in service. Fusing of a sprinkler will not
operate a deluge valve. Were conditions permt, trip test each del uge
val ve every 3 years with the control valve open. To trip test deluge
val ve:

1. Cl ose main control valve.
2. Apply an electric heat lanp to at | east one heat actuating
devi ce

in each circuit, testing one circuit at atinme. Note the tine
required to trip the valve. Were flanmabl e vapors may be
present, use a hot cloth or hot water in place of the electric

test set.
3. Reset the deluge valve and trip, using the nmanual rel ease.
4. Where fixed tenperature rel eases are involved, wait 15 m nutes

and
trip by renoving a fusible element fromthe tubing or a heat-
responsi ve devi ce.

5. When tests are conplete, reset valves and open the main control

val ves.

Det ectors shoul d be tested sem -annually and al arns quarterly.
Because there are so many designs of heat responsive devices, test
procedures for each cannot be included here. See individual
manuf acturers’ information for detailed testing procedure. During
routi ne inspections, check for painted or corroded contacts, plugged
vents, or painted dones. Clean or replace affected devices.



5.11 HI GH SPEED SUPPRESSI ON SYSTEM Perform a full operational test of
hi gh speed suppression systens every 3 years by actuating a detector (see
Chapter 3), or by actuating a manual release station. Check to be
certain that all nozzles are operating. Then, follow these steps to
reset the system

1. Repl ace pre-prime caps and/or rupture discs.
2. Refill piping with water.
3. | f system uses an expl osive valve, replace the firing squib and
t he
squi b hol der

5.12 STANDPI PE AND HOSE CONNECTIONS. Annually or when routine facility
i nspections are performed (whichever is nore frequent), check standpi pe
and hose connections. Check for the follow ng:

o] Hose val ves are tight.

o] Hose and hose racks or reels are in good condition (re-rack
hose

annual l y.)

o] Hose is dry and easily noved.

o] Stored hose nozzl es are unobstruct ed.

o] Threads on nozzl es and couplings are in good condition.

o] Hose and nozzl e gaskets are tight.

5.13 I NTERRUPTI ONS TO SPRI NKLER AND STANDPI PE SYSTEM PROTECTI ON. To
mnimze the effect of an interruption of sprinkler protection, the
foll ow ng actions shoul d be consi dered.

o] Limt the extent and duration of the interruption to a m ninum

o] Stop highly hazardous processes.

o] Restore protection tenporarily by capping open yard nmains or

sprinkl er piping and opening control valve, if possible.

o] Provi de an energency water supply to the system by connecting a
hydrant, which is in service, with a fire departnent
connecti on. Wiere no connection is avail able, connect to the 2-
inch drain. Emergency connections may be charged except during
freezing weather. Use this nethod when the inpairnent is in
the supply system

o] Check availability and condition of other fire protection

equi pnent

in the area.



o] Post a specially instructed guard in the affected area.

o] Make a full flow drain test after repairs have been conpl eted
and
control val ves reopened.

5.14 CLOSI NG CONTROL VALVES | N EMERGENCY. Under fire conditions, only
the fire departnent officer-in-charge may authorize closing a contro
valve. This is done only when the fire is out, under control by other
means, or there is a sprinkler failure, such as a broken sprinkler main.

Closing a control valve to prevent water damage in case of accidental
br eakage of piping can be done only if there is no fire. Report valve
cl osing and danage i mMmedi ately to the person responsible for fire
protection. Station responsible personnel at the closed valve with
instructions to open
it in case of fire.

5.15 DEACTI VATI NG AUTOVATI C SPRI NKLER SYSTEMS. Notify the person
responsible for fire protection or the public fire departnment before
deactivating sprinkler systens. Deactivate sprinkler systens as foll ows:

1. Cl ose the main control valve.
2. Open the drain valves and renove plugs at |ow points. Drain
t he
system conpl etely. Were |low points are not provided with
drains (including pendent sprinklers on drops) or piping is not
properly pitched, disconnect, drain, and reconnect, providing
t he proper pitch.

3. Wait 48 hours to allow the condensate to drain. Then renove,
drain, and reinstall pendent sprinklers.

4. Where the main control valve is | ocated outside the building,
install a 1/2-inch sill cock to bleed off all water in the
underground main on the system side of the control valve.
Provide a bed of small stones or gravel at the sill cock.

5. Where the main control valve is inside the building and

separ at ed
fromthe alarmcheck val ve by a spacer, install a 1/2-inch sill
cock on the spacer. Provide protection against freezing from
not |l ess than 24 inches above the corporation cock to bel ow the
frost |ine.

6. Where the main control valve is inside the building and

directly
under the alarmcheck valve, install a 1/2-inch sill cock on

t he al arm check val ve body bel ow the cl apper. Provide
protection agai nst freezing.

7. Drain the bodies of check valves on the systemside of the main
control val ve.

8. Cl ose auxiliary drain valves and replace the plugs. Leave sill



cocks and 2-inch drain val ves open.

Where weat her conditions are unusually severe, replace inside
control valves with post indicator valves, and provi de proper
dr ai nage.

10. Repair or replace control valve when | eakage exceeds capacity of

11.

12.

the sill cock

Post signs near the closed valve giving instructions to open
the valve in the event of fire. Signs should clearly indicate
areas controlled by each val ve.

Drain off condensate accunul ations at |ow point drains as
frequently as conditions require.

5.16 CONVERTI NG AUTOVATI C SPRI NKLER SYSTEMS. When, as a result of an
engi neering evaluation, it is desired to convert wet pipe automatic
sprinkler systenms to dry pipe systens, it may be done as foll ows:

1
2.
3.

riser,

9.
10.
11.

Cl ose the main control valve and drain the system

Renove the alarm check valve and its trinm ngs.

Install a dry pipe valve and its trinmmngs. This may require
repl acenent or recutting of one length of pipe in the riser as
the face-to-face dinensions of the two valves may not be the
sane.

Di sconnect the fire departnent punper connection fromthe

install a blank flange at the riser outlet, and reconnect the
punper connection to the water side of the dry pipe valve.

Unl ess already provided, install a check valve on the supply
connection to the sprinkler system

Install a suitable air conpressor and connect to the dry pipe
val ve. An adequate and reliable installed (shop) air supply
W th enough capacity to restore normal air pressure to the
systemw thin 30 m nutes nay be used instead of a conpressor.
Check piping fromthe highest branch line back to the riser

required, provide additional |ine pitch as required by NFPA
Standard No. 13, "Installation of Sprinkler Systens."

Turn pendent sprinklers upright and install upright sprinklers.
Where this cannot be done, replace pendent sprinklers with dry
pendent sprinklers.

Provide | ow point drains or drumdrips at | ow points.

Provi de a heated encl osure around the dry pipe val ve.

Set and maintain the dry pipe val ve.

Where, as a result of an engineering evaluation, it is desired to
convert dry pipe automatic sprinkler systens to wet pipe systens, do the

f ol | owi ng:

1

Cl ose the main control valve and drain system



2. Renove the dry pipe valve and its trinm ngs.
3. Install an alarmcheck valve and its trimmngs. This may
require
repl acenent or recutting of one length of pipe in the riser as
the face-to-face dinensions of the two valves may not be the
sane.

5.17 RESTORI NG AUTOVATI C SPRI NKLER SYSTEM SERVICE. To restore automatic
sprinkler service, trace all lines of the sprinkler systemfromtheir
ends to the main supply connection. Follow these steps:

1. Renove bl ank flanges or gaskets bl ocki ng wat erways.

Repair or replace cracked fittings or piping.

Repl ace corroded or danmaged spri nkl ers.

2

3

4. Repi tch i nproper pitch to piping.

5 Repl ace or resecure m ssing or | oose hangers.

6 Exam ne the internal condition of piping at representative

poi nts
i f accunul ations of scale, stones, or other foreign materi al
are found, flush the system thoroughly.

7. Cl ose drain valves and admt water slowy to the system taking
care to avoid damage by water from undi scovered | eaks.
8. Make a hydrostatic test of the systemif it has been out of
service

for nmore than a year, damaged nechanically or by freezing or
fire, or extensively repaired, altered, or extended. 1In this
test, maintain a pressure of at |east 50 psi higher than nornma
static pressure, but not |ess than 150 psi, for 2 hours. For
dry pipe systens, nmake an air pressure test follow ng the
hydrostatic test. Maintain 50 psi air pressure for 24 hours.
Repair piping if air |eakage in excess of 1-1/2 psi occurs. A
hydrostatic test of a deluge systemrequires the tenporary

repl acenent of open sprinklers with closed sprinklers. A

del uge system should be restored by an experienced contractor.

9. Exam ne, service, and test al armcheck valves, dry pipe valves,
qui ck- openi ng devi ces, and al arm devi ces.
10. Restore the systemto full service.

5.18 WATER SUPPLI ES FOR SPRI NKLER AND STANDPI PE SYSTEMS.

5.18.1 Water Mains. Annual fire flow tests should be conducted to
determ ne the condition of water nmains, as follows: (For additional
i nformati on see NFPA. 291, Recommended Practice for Fire Fl ow Testing and
Mar ki ng of Fire Hydrants, Chapter 2 and International Fire Service



Trai ni ng Associ ation (I FSTA) Manual, Section 2, Fire Hydrants, to
determ ne the condition of water nmins.)

1. Sel ect a hydrant to record pressures (called the residual
hydrant) .
2. Renove one of the 2-1/2-inch caps and replace it with a 2-1/2-
i nch
cap with 1/4-inch threaded connection for a pressure gauge.
Provide a test cock on the connection for blowng off air.
3. Open the hydrant and record the pressure. This pressure is
known
as the static pressure.
4. Sel ect hydrant(s) for flow neasurenents.
5. Operate hydrant(s) and neasure velocity pressure through
fl ow ng
outlets by use of Pitot tube and gauge. It is best to pitot
the flow froma pl aypi pe connected to a hoseline fromthe
hydrant, rather than the flow discharging directly fromthe
hydr ant .
6. Wth water flowi ng, record the pressure at residual hydrant.
Thi s
is known as the residual pressure.
7. Cal cul ate the flow of water from each open orifice fromcharts
or

the formul a:
Q = 29.83 C d+2+ [ SQRT p]
where: Q= flowin gpm
C = the coefficient of discharge of the orifice
d = the dianmeter of the outlet in inches
p = the pressure recorded on the pitot gauge in psi

Conpare the results of the waterflow test with previous tests to
determne if there has been a deterioration. A large drop in the water
supply can be attributed to a closed or partially closed val ve, or other
obstruction in the main.

8. Flush water mains during a capacity test by allow ng the
fl ow ng
hydrant to remain open until the water flows clear.
5.18.2 Fire Hydrants. Check the general condition of hydrants
annual | y i ncl udi ng:

1. Check tightness of nozzles, inspecting at a point where nozzles
enter hydrant barrel. Caul k when necessary.
2. Check for leaks in the top of the hydrant. |If necessary,
remove
cover and tighten the packing gland, or repack.
3. Check for |eaks past gaskets under caps, replace defective
gaskets.
4. Check for cracks in barrel. |If found, replace the hydrant.
5. Check tightness of valve and seat and watch for | owering of the
water level in dry barrel hydrant after the valve is closed.
If the level does not drop, listen with your ear against the

hydrant. If a noise is heard, the nmain hydrant valve is



6.
r ounded

7.
8.

probably | eaki ng and nmust be replaced. |If quiet, the drain
val ve is plugged and nust be reopened.

| nspect the operating nut and replace it if it has worn or

corners.
| nspect nozzle threads and replace themif they are danmaged.
Lubricate the hydrant per the manufacturer’s recomrendati on.
Typically, lubrication includes |ubricating the operating nut
and renove the screw in top of the operating nut and apply
lubricant. In addition, lubricate the packing and thrust collar
by oiling the joint between the nut and collar.

In freezing or subzero weather, check dry barrel hydrants by:

Pl acing the operating wench on nut and turning slightly to
make sure it is not frozen. |If frozen, thaw by using a bl ow
torch on the operating nut.

Renove the hydrant cap and inspect for ice in barrel by
lowering a small weight on string. |If the hydrant contains
ice, thaw by injecting |live steamfroma portable steamthawer,
by using portabl e heating equi pnent or by placing a few

al um num chips mxed with twi ce the anount of caustic soda
chips in the hydrant barrel and pour in about 1 cup of water.
The heat generated should thaw out hydrant barrel within one-
hal f hour. Renove hydrant nozzle caps to help generated gas to
escape.

After the ice is thawed enough to all ow opening the hydrant,
flush slowy until all iceis nmelted. |If hydrant barrel does
not drain after valve is reclosed, punp out all water and fill
with salt to prevent the freezing of any water which may
accurul ate in the barrel

5.18.3 Fire Departnent Connections. Check fire departnent connections

annually to be sure:

Connections are accessible and properly support ed.

o] Caps are properly secured.
o] Hose threads are in good condition.
o] Automatic ball drips are clean and nove freely.

5.18.4 Water Tanks.

5.18.4.1 Steel Gavity and Suction Tanks. Inspect steel

gravity and suction tanks as foll ows:

1

Check water | evel nonthly and keep tank filled to wthin a few
inches of overflow. Wen filling, fill the tank until water
di scharges fromthe overfl ow pipe.

Check general condition annually and exam ne the tank for | oose
scal e and | eaky seans or rivets.
| nspect | adders annual Iy, checking for m ssing connecting



bol t s,

adequat e

t owner

6

deteriorated |lugs and rungs, and any other conditions that
woul d make the | adders unsafe.

Check condition of the roof annually to see that screens on
overfl ow and ot her openings are in place and are adequate to
keep out birds and other animals or debris. Keep the roof
hatch covered and the door at the top of the frost proof casing
fastened to prevent w nd damage, keep out birds, and conserve
heat in the winter.

Exam ne sway bracing annually to check for tautness. Tighten
turn-buckles if necessary. Look for corrosion under clevis
pins and rod | oops because the underside is likely to be in
wor se condition than the top.

| nspect condition of paint annually to nmake sure paint is

to protect tank and substructure from corrosion both inside and
out si de.

| nspect tower colums and pits annually to keep the base of

colums and any pits free fromdirt, rubbish, or conbustible
material. Keep the whole site clear of weeds, brush, or |ong
grass. Keep the tops of foundation piers at |east 6 inches
above ground | evel, and the bases of columms in which water may
accunmul ate filled with concrete, sloped and flashed to shed
wat er .

5.18.4.2 Woden Water Storage Tanks. |nspect wooden water

tanks as foll ows:

t he

1
2.

Check water |evel nonthly and keep the tank full.

| nspect the tank annually for |eaks. Repair |eaks inmmedi ately
because wood around | eaks deteriorates rapidly. Exam ne steel
hoops and bands for corrosion and replace noticeably corroded
bands, particularly those corroded at the threaded ends. Check
all tinmber support structures and substructures for splitting,
checki ng, warping, bowi ng, or curvature and replace or properly
support nenbers. Inspect |lower ends of tinber support nenbers
for termte activity. Make sure sway bracing and all bolted
connections are tight.

Exam ne tank accessories annually. Exam ne | adders, opening
covers, gauges, screens, and roof for signs of deterioration
and repair as necessary.

Exam ne paint annually. Painting does not materially |engthen
life of a wooden tank and is usually done only for aesthetic
pur poses. Check paint on netal parts to insure that it is
adequate to protect parts fromcorrosion. Repaint if

necessary.

5.18.4.3 Concrete Water Storage Tanks. Inspect concrete water

storage tanks as foll ows:



wher e

Check water |evel nonthly and keep the tank full.
Check the general condition annually, inspecting concrete water
storage tanks each spring for waterti ghtness and structural

condition. Check all interior and exterior surfaces for
spalling resulting fromfrost, for exposed reinforcenent, and
for other structural deterioration. Renove all |oose, scaly,

or crunbling concrete. Patch with rich cenment grout after
wetting concrete and painting with portland cenent slurry.

Check | eakage annual ly, marking places on the tank’s exterior

| eakage or seepage occurs. Wen tank is enpty, inspect the
interior to |ocate cracks, porous concrete, breaks in interior
seal nenbrane, or other points where water is escaping. Repair
as needed.

5.18.4.4 Rubberized Fabric Enbanknent Supported Water Tanks.

| nspect rubberized fabric enbankment supported water tanks as foll ows:

1.

2.
det ect

3.
necessary.

1.
t he

2.
press-ire

Check water |evel nonthly and keep the tank fill ed.
Each year check the drain outlet around the base of tank to

any | eaks which may not be visible. Check enbanknent for any
erosion and fill as needed. Check fabric for wear and tear.
Check for puddl es of water on the tank and renove if found.
Check the sunp area at tank bottom and renove any solids or
sedi nent .

| nspect the exterior surface annually for areas of oxidation or
weat her checki ng of outer protective paint; repaint as

5.18.4.5 Pressure Tanks. Inspect pressure tanks as foll ows:
Check water level and air pressure nonthly and fill the tank to

required levels, if necessary.
| nspect condition of paint annually. The interior of the

tank shoul d be inspected by a qualified pressure-vessel
inspector to determine if corrosion is taking place and whet her
painting or repairing is required at three-year intervals.

5.18.4.6 Heating Systenms for Water Tanks. Inspect heating

systens for water tanks as foll ows:

1.
2.
t he
el ement .
3.

Check heating systenms 2 nonths before freezing season. I|nspect
i nsul ation and frost proof casing around the riser. Seal al
openings to prevent excessive heat |oss. |Inspect heating

el ements to insure proper functioning through the w nter

season. Clean with a wire brush and paint all pipe and

equi pnment showi ng exterior corrosion

Operate the heating system 1l nonth before freezing season. Run

system at |east 8 hours to check condition of the heating

During freezing weat her, check heating systens daily.

5.18.4.7 Cathodic Protection Equipnent. |nspect cathodic



protection equi pnent as foll ows:

1. Whi | e equi pment is operating, note and record current flow
shown by

neters. |If there is no current, check for blown fuses, anodes
touchi ng the tank, ground-wire connection to tank, or anodes
not inmersed in the water. |f equi pnent operates at voltages
or anperages over those - listed on the name plate, the
rectifier may be damaged. Check polarity and direction of
current flow (If connections to rectifier are reversed, rapid
damage to tank occurs.) Positive should be connected to anodes
and negative to tank for correct polarity.

2. | f possible, visually check condition of anodes which
deteriorate
because of action of current passing from anodes to water.
Repl ace worn anodes. (Watch for dimnishing current flow on
operating logs which is a sign that the anodes may be failing.)

3. Protect electrodes fromice. |If ice formation is a serious
problem turn off current and renove and store the el ectrodes
during the freezing season. The corrosion rate goes down with
tenperature. Reinstall the electrodes at the end of freezing
season.

4. For cathodic protection, see appropriate mlitary service
docunents.

5.18.5 Fire Punps.

5.18.5.1 GCeneral Inspection. Fire punp units should be
mai ntai ned in constant readi ness. The punp nust be able to be started at
a nonent’s notice and be able to run for long periods of tinme. To insure
that these conditions are net, frequent testing is mandatory.

Start engine driven fire punps weekly and electric driven fire
punps, nonthly, allowing themto run at full speed while discharging
wat er through a convenient outlet. Automatically start the punp by
droppi ng system pressure or closing renote start contacts. Inspect the
tenperature and tightness of the packing glands with each test. During
operation, it is inportant to allow a small anount of water to | eak
t hrough the packing glands for lubrication and cooling. Check and record
the readi ng of the suction and di scharge pressure gauges.

o] Check internal conmbustion engine drivers to insure that the
engi ne

is clean and dry. Check the fuel tank and nmaintain at |east an
8- hour fuel supply. Check the quality and quantity of the
crankcase oil and renew it if it becomes foul or |oses
viscosity. Examne the oil filter and replace when necessary.
Verify that the battery charger is operating correctly and
check the condition of the battery electrolyte. Run the engine
for at least 30 mnutes. Test the operation of the speed
governor and overspeed trinp.
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Check the steamturbine drivers by checking the steamtrap for
removi ng condensed steamat the throttle. Test the operation
of the speed and pressure governors, the overspeed trip, and
the steamrelief valve.

5.18.5.2 Performance Testing. The condition of fire punps is

determ ned annually by full operating tests which discharge water from
the punp at various flow rates.

fl ow

punp

(0]

At each flow, record suction and di scharge pressures, rates of

and speed of the punp. To obtain the net pressure avail able
fromthe fire punp, subtract the suction pressure fromthe

di scharge pressure. The rate of flow and the net pressure nust
be corrected to the rated speed of the punp, if the actual
speed (rpm during testing differs fromthe rated speed.

The rate of flowis directly proportional to the speed and
pressure is proportional to the square of the speed
respectively, as follows:

rpmil/ rpm2

gpm 1/ gpm 2

psi 1/psi 2 (rpm 1/rpm 2) +2+

After the flow and pressure have been adjusted, these points
shoul d be plotted on graph paper against the standard curve for
fire punps (i.e., pressure at 120% of rated for centrifugal or
140% of rated for vertical punps at 0% flow, pressure at 100%
of rated at 100% fl ow, and pressure at 65% of rated at 150%
flow). Conpare the plotted test results with previous punp
tests.

If the "plotted" pressure is |less than 95% of standard pressure
at 100% fl ow or |ess than 40% of standard pressure at 150%
flow, the punp should be repaired i medi ately.

If the speed of the punp differs by nore than 10% fromrated
speed, the driver should be repaired i nmediately.

To check hose and hose header, close discharge valves fromfire
punp to the fire protection system Open the valve to the hose
header. Use various conbinations of hoses and nozzles (1-3/4-
and 1-1/8-inch discharge orifices) to obtain at |east six
representative flowrates from0%to at |east 150% rated fl ow

To check neter arrangenent, close discharge valves fromfire
to fire protection system Open the valve to inlet side of
testing device conpletely. Adjust the val ve downstream of
testing device to obtain flow rates of at |east six
representative points from0%to at |east 150% of rated fl ow.

Test controllers according to nmanufacturer’s instructions.



[retrieve Table 5-4. Fire Punp Troubl es and Causes]

Table 5-4 identifies the nost conmon punp troubles and their possible
causes. Additional troubleshooting information for fire punp troubles
fol | ows:

1. Suction lift too high. Suction |ift should not exceed 15 feet
for
a horizontal -shaft punp. |If vertical distance fromthe punp
center line to the water level, plus friction loss in suction
pipe, is
over 15 feet, rearrange the suction supply. Check suction
connecti on.
2. Foot valve too small, partially obstructed, or of inferior
desi gn.
Thi s causes excessive suction-head loss. Replace it with an
approved foot valve of proper size or renpve obstructions.

3. Air drawn into suction connection through insufficiently

subner ged
foot valve. Lower foot valve.
4. Air drawn into suction connection through |eak. This causes
t he
punp to lose suction or to fail to maintain its discharge
pressure. Uncover the suction pipe, |locate and repair |eak(s).

5. Suction connection obstructed. Exam ne suction intake, screen,

foot val ve, and suction pipe, and renpove the obstruction.
Repai r
or provide screens to prevent a recurrence.

6. Air pocket in suction pipe. Air pockets cause a reduction in
delivery and pressure simlar to an obstructed pipe. Uncover
suction pipe and rearrange to elimnate pocket.

7. Hydraulic cavitation from excessive suction |ift. See Item1l

8. Vel |l collapsed or in serious msalignment. Consult a well-

drilling
conpany and the punp manufacturer regardi ng recomrended
repairs.

9. Stuffing-box too tight or packing inproperly installed, worn,
defective, or incorrect type. Loosen gland swing bolts and
renove stuffing-box gland halves. Replace packing.

10. Water Seal or pipe to seal obstructed. Loosen gland sw ng

bol t,

and renmove stuffing-box gland hal ves, water-seal ring, and
packing. Cean the water passage to and in the water-seal
ring. Replace water-seal ring, packing gland, and packing,
foll owi ng the manufacturer’s instructions.

11. Air leak into punp through stuffing-boxes. See Item 10.



13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

12. I npeller obstructed. Does not show on any one instrunment, but
pressures fall off rapidly when an attenpt is nmade to draw a
| arge anount of water.

Hori zont al -shaft punps: Renove upper case of punp, and renove
obstruction frominpeller. Repair or provide screens on the
suction intake to prevent a recurrence.

Vertical -shaft punps: Lift out colum pipe, and punp bow s from
wet pit or well, and di sassenble punp bow to renobve
obstruction frominpeller.

Wearing rings worn. Renove upper case, and insert feeler gauge

bet ween case wearing ring and inpeller wearing ring. C earance when
new i s usually 0.0075 inch; clearances of nore than 0.015 inch are
usual | y excessi ve.

| npel | er damaged. Make minor repairs or return to manufacturer for
replacenent. |If defect is not too serious, order new inpeller and
use damaged one until replacenent arrives.

Wong-di aneter inpeller. Replace with inpeller of proper dianeter.

Actual net head |l ower than rated head. Check inpeller dianeter and
nunber and punp nodel nunber to determ ne whether correct head curve
i s being used.

Casi ng gasket defective, permtting internal |eakage (nultistage
punps only). Replace defective gasket. Check manufacturer’s
drawi ng to see whet her gasket is required.

Pressure gauge on top of punp casing. Place gauge in correct
| ocati on.

I ncorrect inpeller adjustnment (vertical-shaft punp only). Adjust
i npel l ers according to manufacturer’s instructions.

| mpel l ers | ocked. For vertical-shaft punp: Raise and | ower
inpellers by the top shaft adjusting nut. |If this is not
successful, follow the manufacturer’s instructions. For a

hori zont al -shaft punp: Renopve upper case and | ocate and elimnate
obstruction.

Punp Frozen. Provide heat in the punp room D sassenble punp and
renove ice. Exam ne parts carefully for danage

Punp shaft or shaft sleeve scored, bent, or worn. Replace shaft or
shaft sl eeve.

Punp not prinmed. |[If a punp is operated without water in its casing,
the wearing rings are likely to seize. The first warning is a
change in pitch of the sound of the driver. Shut down the punp.
Prime the punp before restarting.

For horizontal -shaft punp: Stop punp and open unbrella cock to
determ ne whet her punp and suction pipe are conpletely filled with



24.

25.

26.

27.

28.

29.

30.

31.

32.

wat er .

For vertical -shaft punp: Check water |evel to determ ne whether
punp bowl s have proper submergence.

Seal ring inproperly located in stuffing-box, preventing water from
entering space to formseal. Loosen gland swing bolt, and renove
stuffing-box gland hal ves, water-seal ring, and packing. Replace,
putting seal ring in proper |ocation.

Excess bearing friction due to | ack of lubrication, wear, dirt,
rusting, failure, or inproper installation. Renbve bearings and
clean, lubricate, or replace as necessary.

Rotating el enent bindi ng agai nst stationary elenent. Check
cl earances and lubrication. Replace or repair the defective part.

Punp and driver msaligned. Shaft running off center because of
worn bearings or misalignnment. Replace bearings. Align punp and
driver according to manufacturer’s instructions,

Foundation not rigid. Tighten foundation bolts or replace
f oundat i on.

Engi ne cooling system obstructed; heat exchanger or cooling-water
systemtwo small or cooling punp faulty. Renove thernostats; open
bypass around regul ator val ve and strainer; check regul ator-val ve
operation; check strainer; clean and repair if necessary. D sconnect
sections of cooling systemto |ocate and renove possible
obstruction. Adjust engine cooling-water circulating-punp belt for
proper speed w thout binding. Lubricate bearings of the punp. If
overheating still occurs at loads up to 150% of rated capacity,
contact punp or engine manufacturer to determ ne necessary steps to
el i m nate overheati ng.

Driver does not start. Check electric notor, internal-conbustion
engine, or steamturbine to | ocate reason for failure to start.

Lack of lubrication. |If parts have seized, replace damaged parts,
and provide proper lubrication. |If not, stop punp and provide
proper | ubrication.

Speed too low. For electric-notor drive, check whether rated notor
speed corresponds to rated speed of punp, whether voltage is
correct, and whether starting equi pnment is operating properly.

Low frequency and |l ow voltage in the electric-power supply prevent a
nmotor fromrunning at rated speed. Low voltage may be due to
excessi ve | oads, inadequate feeder capacity, or (with private
generating plants) | ow generator voltage. Generator voltage of
private generating plants can be corrected by changing the field
excitation. Wen low voltage is fromother causes, it may be
necessary to change transforner taps or increase feeder capacity.
Low frequency is nore likely to occur with a private generating

pl ant and shoul d be corrected at the source. Low speed may occur in
ol der type squirrel-cage notors if fastenings of copper bars to end
rings become | oose. Weld or braze these joints.

Wth steamturbine drive, check that valves in steam supply pipe are



wi de open; boiler steam pressure is adequate; steam pressure at
turbine is adequate; strainer in the steamsupply pipe is not

pl ugged; steam supply pipe is of adequate size; condensate is
removed from steam supply pipe, trap, and turbine; turbine nozzles
are not plugged; and setting of speed and energency governor is
correct.

Wth internal -conbustion-engine drive, check that setting of speed
governor is correct; hand throttle is opened wide; or that there are
no nechani cal defects such as sticking valves, timng off, or spark
pl ugs foul ed. Checking nmechanical defects may require the services
of a trained nechanic.

33. Wong direction of rotation. |Instances of an inpeller turning
backward are rare but are clearly recogni zabl e by the extrene
deficiency of punp delivery. Wong direction of rotation may
be determ ned by conparing the direction in which the flexible
coupling is turning with the directional arrow on the punp
casi ng.

Wth pol yphase el ectric-notor drive, two wires nust be
reversed. Wth a DC driver, the armature connections nust be
reversed with respect to the field connections. Were two
sources of electric current are avail able, check the direction
of rotation produced by each.

34. Speed too high. Check whether punp and driver rated speed
correspond. Replace electric notor with one of correct rated
speed. Set governors of variabl e-speed drivers for correct
speed. Frequency at private generating stations may be too
hi gh.

35. Rated notor voltage different fromline voltage for exanple,
2200r 440-volt notor on 208- or 416-volt line. Install notor
of correct rated voltage or |larger size notor

36. Faulty electric circuit, obstructed fuel system obstructed
steam pi pe, or dead battery. Check for break in wiring, open
switch, or open circuit breaker. |If circuit breaker in
controller trips for no apparent reason, nmake sure oil is in
dashpots in accordance with manufacturer’s specifications.

Make sure fuel pipe is clear, strainers are clean, and control
val ves are open in fuel-supply systemto internal-conbustion
engi ne. Make sure all valves are open and strainer is clean in
steam line to turbine.

5.18.6 Sprinkler Control Valves. Sprinkler control valves are a
vital part of the sprinkler systemand nust receive a high | evel of
attention. A closed valve when there is a fire can result in a total
|l oss of the facility being protected.

Seal ed val ves shoul d be i nspected weekly. Locked val ves or val ves
wi th tanper switches should be inspected nonthly. Quarterly, underground
and post indicator gate valves should be operated to verify valves are
open and in general working order.

During annual preventive nai ntenance inspections, the follow ng
shoul d be perfornmed to check underground and post indicator gate val ves.



1
2.

Be sure val ves are accessible and protected agai nst damage.
Be sure valves are clearly marked for |ocation and the

direction to

3.
al i gned,

val ve

10.

open. For underground valves; this may require painting

directional arrows on the pavenment or nearby wall.
Check that post indicator barrels and targets are properly

intact, and the head bolts are tight. (Wenches are provided.)
Be sure valves are either supervised or seal ed open.

Be sure road boxes or manhol e covers to underground val ves are
clear of ice, snow, or other debris and that valve pits are
cl ean and dry.

Make sure adequate protection against freezing is provided.

Open valves to determ ne valve condition. Conpletely close the
val ve and then reopen it, count the nunmber of turns required to
cl ose and reopen val ve, and conpare this nunber to the
manufacturer’s literature to assure the valve is w de open.

Check and lubricate the packing. |If packing |eaks, dig up the
val ve and tighten the packing. |If necessary, replace the
packi ng. Open the valve as nuch as possible and pull the stem
shoul der tight agai nst bonnet to prevent excessive |eaking
during the repacking.

Check for a bent operating stem |[If the stemis bent, the
tends to bind during a full operational test. Replace stem by
shutting valve tight renoving the stuffing-box assenbly, and
unscrewi ng the stemfromstemoperating nut. Insert new stem
reassenbl e the stuffing-box, and repack the val ve.

Check and replace m ssing and badly worn operating nuts.

Check and lubricate gears, observing and correcting any

undesi rabl e operating conditions, such as difficulty in opening
and cl osi ng of val ve.

5.18.6.1 Above G ound Gate Val ves. Maintenance procedures for

above-ground gate val ves are as foll ows:

1.
grease

Lubricate the packing with a few drops of graphite oil, or

to elimnate excessive friction between val ve stem and packi ng.
Stop | eakage by tightening the stuffing-box nuts which forces
t he packing gland tight agai nst the packing.

Repl ace the packing, if necessary. Before repacking, open the
val ve wi de, clean stuffing-box by renmoving all old packing from
i nside, and clean and polish the valve stemw th fine enery
cloth. Insert new packing in the stuffing-box and tanp into

pl ace with packing gl and; stagger the ring splits. After
stuffing-box is filled, place a few drops of oil on the stem
assenbl e the gland, and tighten.



3. Operate the valve fromfull open position to full closed and
back
to full open position to prevent gate valves fromsticking. Be
sure the valve is either supervised or seal ed open.

4. Lubricate the rising stemthreads wth grease.

5.18.7 Check Val ves, Waterfl ow Meters, and Backfl ow Preventers.
| nspection of check valves, waterfl ow neters, and backfl ow preventers
shoul d be conducted quarterly. Inspection and testing of these devices
is docunented in detail in other mlitary publications, including AFMB5-
21. Typical procedures for inspection and mai ntenance are as foll ows:

5.18.7.1 Single and Doubl e Check Val ves. [Inspect the disc
facing by opening the val ve and observing the condition of the facing on

swi ng check val ves equi pped with rubber or |eather seats on disc. |If the
netal seat ring is scarred, dress it with a fine file and fine enery
paper w apped around a flat tool. Check pin wear on wafer check val ves.

The cl apper nust be accurately positioned in the seat to prevent | eakage.

5.18.7.2 Waterflow Meters. Cean and inspect waterflow neters for
worn parts by examning internally, cleaning, and inspecting for worn
parts. Meter registration may be inpaired by sedinent in the interior or
by wear of noving parts through |ong, constant service. Before freezing
weat her, inspect housing condition of each nmeter. Make certain neter is
protected from exposure to bel ow freezing tenperatures.

5.18.7.3 Reduced Pressure Backflow Preventer. Check for evidence
of | eakage fromthe differential relief valve which indicates a need for
repair. Foll ow manufacturer’s instruction.

5.18.7.4 Automatic Pressure Regulating and Altitude Val ves. Test
and grease pilot control by changing the pilot control nmonentarily to
operate the valve. Return the-control to the original setting and grease
pilotsetting threads. To close an open altitude valve, back off the nut
on di aphragm spring-tension setting one or two turns. Return nut to its
exact position after inspection.

Di sassenbl e and cl ean the val ve according to manufacturer’s
instruction. Cean any sedinent fromthe interior of the valve. Check
seat and piston rings for worn or danaged seats and rings; replace if
necessary.
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CHAPTER 5.

SELF- STUDY QUESTI ONS

Instructions: Select the correct answer(s) for each of the follow ng
guesti ons.

-1

Q®-2

-3

@®-5

&b-6

The foll ow ng adverse conditions do not require the replacenent of
sprinkl ers:

Di scol oration due to corrosion
Cracked quartz bul bs

Deposits of paint

None of the above

eoop

Qut si de open sprinklers are tested by:

a. Renoving sprinklers and submtting themto a | aboratory for
testing

b. Gauging the orifice opening

c. Conducting a water discharge

d. Al of the above

Pi pi ng and hangers shoul d be checked for the foll ow ng adverse
conditions and repaired:

Bent pi ping

Protection fromfreezing for wet pipe systens
Proper drai nage

Al of the above

eoop

When evi dence of obstructed piping is found, the follow ng my be
cause of the obstructing material:

H ghly chlorinated water

H ghly acid, alkaline, or saline water
Car bonat ed wat er

Al'l of the above

eoop

The follow ng nmethods are used for flushing obstructions from
sprinkl er systens:

a. Hydraulic nethod
b. Chenmical nethod ¢c. Mechanical nmethod d. Al of the above

When using the hydraulic method of flushing sprinkler systens, the

foll owi ng should be flushed first:

d.
®B-7
a

a. Cross nmins
b. Branch lines c. Ri ser col um

None of the above

When conducting 2-inch drain tests at sprinkler systemrisers, if

rapid drop in pressure occurs when the valve is opened and a sl ow
return to normal is experienced when the valve is closed, this my



®5-8

p1 pe

- 10

B- 11

B- 12

open.

5- 13

G- 14

be indicative of:

A normal condition

A partially closed val ve

A partially filled reservoir

A fire punp starting as a result of a water flow

eoop

When a water notor alarmfails to ring during a test, this may be
i ndi cative of:

Birds nesting in the gong cover

An open drain on the retard chanber

Det achment of shaft couplings on the water notor
Al'l of the above

eoop

Correct nethods for determ ning where | eaks are occurring in dry
systens are:

a. Fill piping wwth pressurized water and check for | eaks

b. Fill piping with conbustible gas and use a flane at the joints
to check for |eaks

c. Add a strong snelling oil to the air supply and check for

odors d. Paint fittings with a soapy water solution and check for

bubbl es

The m ni num t enperature which nust be maintained in a dry pipe
encl osure is:

32 deg. F
42 deg. Fc. 52 deg. Fd. 62 deg. F

y pipe valves should be trip tested:
Annual |'y
Sem annual |y

Quarterly
Every ot her year

QeooLy T

When resetting dry pipe valves, the main control valve should be

a. True b. False
The air supply valves from manual |y operated conpressors to dry
pi pe systens should be open at all tines.
a. True b. False
Nonfreeze systens do not require testing other than a specific
gravity test of the nonfreeze sol ution.
a. True b. False
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®- 15

use:

®- 16

B- 17

- 18

- 19

- 20

®5- 21

QB- 22

To test heat responsive devices on deluge or pre-action systens,

A torch

A contai ner of hot water
An el ectric test set

A cigarette

eoop

Precautions to be taken during an inpairnent include:

St op hazardous processes

Posting of a fire watch

Provi de an energency water supply
Al of the above

eoop

To convert a wet pipe sprinkler systemto a dry pipe sprinkler
system only the replacenent of the alarmcheck valve with a dry
pi pe val ve i s needed.

a. True b. Fal se

A hydrostatic test is performed prior to restoring a deactivated
sprinkler systemto service when

a. The systemis a dry pipe sprinkler system

b. The system has been damaged by fire or freezing

c. The system has been out of service for nore than 1 year
The system has been extensively repaired, altered or extended

To determine if a post indicator valve is open, the target should
be checked to see that it reads "open."

a. True b. False

The purpose of operating an above-ground gate valve is to:
a Prevent the valve from sticking

b. G ve nmaintenance personnel exercise

o I nsure the valve stemis of sufficient |ength

d. None of the above

Check val ves do not require naintenance.

a. True b. False

Regi sters in water nmeters may be inpaired by:

Wear on noving parts through | ong, constant service
Inactivity for long periods of tine

Chem cals in the water supply
Sedi nentation in the neter interior

eoop
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Q- 23

B- 24

Q- 25

B- 27

- 28

5- 29

- 30

Q- 31

Waterflow tests are perfornmed by:

a. Using one hydrant

b. Using two or nore hydrants

c. Using no hydrants and cal cul ating the supply by formul a based
on pressure

d. None of the above

Met hods to thaw frozen fire hydrants incl ude:

a. Using portable heaters

b. Injecting live steaminto the hydrant

c. Placing alum num chips and caustic soda in the hydrant barrel
and adding 1 cup of water

d. Al of the above

Wien filling a suction or gravity tank, water should not be
allowed to flow out of the overflow pipe.

a. True b. Fal se

The purpose for keeping the roof hatch covered on gravity tanks is

a. Prevent wi nd damage

b. Prevent stagnation of water
c. Keep out birds

d. Conserve heat in wnter

When exam ning gravity tank sway bracing for corrosion, the nost
likely place to find corrosion is:

a. At turn buckles
b. On rods

c. Under clevis pins and rod | oops

d. On top of clevis pins and rod | oops

Concrete tanks which are experiencing seepage nust be repaired

fromthe inside when the tank is enpty.

a. True b. False

Fabric tanks require periodic painting.

a. True b. False

Heating systens for water tanks should be operated before freezing

weat her occurs.

a. True b. Fal se

An indication that cathodic protection electrodes are



Q- 32

- 33

is:

5- 34

deteriorating is:

a. A high current flow on an ammeter

b. A pulsing of current flow on an anmeter
c A low current flow on an anmneter

d No current flow on an ameter

Engine driven fire punps should be started weekly and run at:

a. Full speed for 30 m nutes

b. One-half full speed for 30 m nutes
C Ful | speed for 15 m nutes

d One-hal f full speed for 1 hour

The m ni num fuel supply duration for an engine driven tire punp

a. 4 hours

b. 8 hours c. 12 hours d. 24 hours

A standard fire punp is capable of producing 100% of rated fl ow at

100% of rated pressure (head) and 150% of rated flow at of rated
head.

a. 50%
b. 65%
c. 100%
d. 150%
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CHAPTER 6. FOAM EXTI NGUI SHI NG SYSTEMs

6.1 GENERAL. Firefighting foam was first introduced in the |late 1800s
for the protection of coal mnes. This foamwas known as chem cal foam
because the foam bubbles were produced by a chem cal reaction. The
chem cal foans are now obsol ete and have been replaced by nechani cal or
air foam The foam bubbles in mechanical foam are produced by
introduction of air-into special foamwater solutions.

Foam exti ngui shes fire in four ways:
o] By snmothering the fire and preventing air frommxing with

f Il ammabl e vapors.

o] By suppressing flammabl e vapors and preventing their rel ease.
o] By separating flames fromthe fuel surface.
o] By cooling the fuel and adjacent hot objects to prevent

reignition.

Quality foam nust:

o] Be Iight enough to flow freely and float on | ow specific
gravity
flammabl e | i qui ds.
o] Be strong enough to form a cohesive bl anket and resi st
di sruption
by w nd.
o] Resi st heat.
o] Resi st fuel saturation.
o] Retain sufficient water to seal against hot surfaces.

The principal uses of foam are:

o] Extingui sh burning liquids which are lighter than water.

o] Prevent ignition and fire of spills or other hazards by
appl yi ng
f oam bl anket s.
o] I nsul ate and protect exposed surfaces fromradi ant heat.
o] Extinguish fires in ordinary conmbustible materials such as

wood,
paper, and rags.

Foans shoul d not be used as an extinguishing agent for the follow ng
types of fires:

o] Flowng liquid fires, such as tank | eaks or pressure |eaks, are
not
readi |l y extingui shed by foans alone. O her extinguishing



agents, which are conpatible with foam should be used in
conjunction with the foam

o] Fires in materials which violently react with water, such as
conmbusti bl e netals (sodium phosphorus).

o] Energi zed el ectrical equipnment fires because foamis a
conduct or of
el ectrical current.

Foam may be classified into two general categories: |ow expansion
foam and hi gh expansion foam Low expansion foamis foam having an
expansion of 100 or |ess. Hi gh expansion foamis foam having an
expansion of greater than 100. Expansion is the ratio of volume of foam
produced to the volune of solution used to generate the foam For
exanpl e, an 8 expansi on neans 800 gal |l ons of foam are produced from 100
gall ons of solution. Wereas foamis not toxic, in a total flooding
application visibility can be appreciably reduced, possibly causing
entrapnment of personnel. Protective equipnment should be provided to
allow for the rescue of trapped individuals if fire departnent response
is not expected to be pronpt.

6.1.1 Protection Considerations. There are two general classes of
fl ammabl e |i qui ds hydrocarbons and pol ar solvents. Hydrocarbons are not
water mscible (do not mx with water) products, such as crude oil
gasol i ne, hexane naptha, and diesel oil. Polar solvents are generally
wat er m sci bl e products such as al cohols esters and ketones. It is
necessary to select the proper foamfor the specific hazard.

6.1.1.1 Concentrates. Several types of foamliquid
concentrates are available for different classes of flanmable |iquids and
storage tenperature considerations. Each major type of foam concentrate
is also available in nodified fornms for use in various proportions in the
water, generally 3 or 6% The types of foam concentrate are:

o] Regul ar Protein. Protein foans are manufactured from protein
hydrosysate wi th conmpounds added for foam stabilization,
freezing point suppression, and preservation. Protein foans
are for use on hydrocarbon type flamuable liquid fires.

o] Fl uoroprotein. These foans are simlar to the regular protein
foans except a synthetic fluorocarbon surfactant has been added
to inprove the foamis firefighting performance. These
i nprovenents i ncl ude:

- Increased extinguishing ability.
- Increased ability to flowreadily, known as "fluidity".
- Dry chem cal extinguishing agent conpatibility.

- Superior sealability and burnback resistance.
| mproved properties which allow subsurface injection of



t hese foans into hydrocarbon fuel storage tanks.

- Drai nage.

o] Agqueous Fil m Form ng Foam (AFFF). AFFF is a conbi nation of
fl uorocarbon surfactants and synthetic foam ng agents. An
aqueous filmof foamsolution is produced by the action of the
fl uorocarbon surfactant reducing the surface tension of the
foam solution to a

poi nt where the fuel can actually support the foam sol ution.
The aqueous filmrapidly spreads across the surface of a

hydr ocarbon fuel permtting a quick knock-down of the fire.
The effectiveness and durability of the aqueous filmis
directly influenced by the surface tension of the hydrocarbon
fuel.

AFFF is nost effective on fuels which have high surface

tensi on, such as kerosene, diesel fuel, and jet fuel. They are
not as effective on |ow surface tension fuels |ike gasoline and
hexane. AFFF is designed to drain foamsolution slowy from
bubble to provide optimumfilmng for rapid fire

extingui shnment. Long term seal ability and burnback resistance
are sacrificed by rapid drainage. Long termstability and

bur nback resistance can be enhanced by using air aspirating
nozzl es for maki ng foam

o] Al cohol Type Foam Fl ammabl e |iquids of the polar solvent or
al cohol type present a special fire protection problem because
these fuels are water soluble. Because of this, the fuels are
"di ssol ved" into the water contained in the normal foans to
destroy the foam bl anket. Al cohol type foans have a speci al
addi tive which forns an insoluble barrier between the flamuable
liquid and the foam

6.2 LOW EXPANSI ON FOAM SYSTEMS. Fi xed- pi pe foam extingui shing systens
usual |y enpl oy | ow expansi on foam as the agent.

6.2.1 Proportioning Methods. Foamis produced by blowing air into a
solution of water and foam concentrate. This solution is obtained with
proportioning equi pnent. Correct foamliquid proportioning is essenti al
to produce foam of optinmumquality. Several nethods of proportioning are
descri bed bel ow

6.2.1.1 Line Proportioning. Line proportioning is primarily
used for portable equipnment but it is also used for sone fixed
installations. Line proportioners are in the formof a venturi. Wter
under pressure flow ng through the venturi creates a vacuum whi ch inducts
foamliquid concentrate into the water stream (Figure 6-1). Line
proportioners offer an inexpensive nmethod of proportioning when the water
supply pressure is reasonably high. Each proportioner is designed for a
specified discharge rate based on a given water pressure. Changes in
wat er pressure cause correspondi ng changes in discharge quantity and
proportioning which requires a change in the venturi. The pressure drop



t hrough the venturi section of the line proportioner is approximtely
one-third of the inlet pressure.

6.2.1.2 Pressure Proportioning. A pressure proportioning
system (Figure 6-2) uses a venturi or orifice to create a pressure
differential with water flow ng through the device. A portion of the
water is diverted to the foamliquid storage tank to pressurize it. The
water pressure in the tank forces the foamliquid into the | ow pressure
area of the venturi. The differential across the venturi varies in
proportion to the volume of water flow, so that one venturi wll
proportion properly over a wide range of flows. The pressure drop
through this unit is relatively low and this nethod can be used with
| oner pressure water supplies. During use, water displaces the foam
supply in the tank and prevents the foamliquid from being repl eni shed.
When the foam concentrate supply is exhausted, the system nmust be shut
off and the water in the foam concentrate tank drai ned.

[retrieve Figures 6-1 and 6-2. Line Proportioner Installation and
Pressure Proportioner Installation]

6.2.1.3 Pressure Proportioning Tank. This nethod operates
exactly the sane as the pressure proportioning system However, the foam
storage tank has a di aphragm Because of the diaphragm this type of
tank is often referred to as a bl adder tank (see Figure 6-3). During
operation, water flows into the tank and squeezes out the foamliquid by
pressing on the di aphragm

Figure 6-3. Bladder Tank and Hose Reel System  PHOTOGRAPH NOT | NCLUDED.

6.2.1.4 Balanced Pressure Proportioning. This frequently used
method is able to automatically proportion foamover a wi de range of flow
rates. The bal anced pressure proportioning system (Figure 6-4) uses two
orifices: one for the water supply and the other for the foam supply,
which is approximately 3 or 6% of the area of the water supply orifice,
dependi ng on the foam concentration to be provided. These orifices
di scharge into a comon | ow pressure area. To provide correct
proportioning, the inlet pressures to the two orifices nust be equal.
The orifice inlet pressures are governed by a diaphragmvalve in the foam
liquid piping. This valve is controlled by pressure sensing lines from
t he upstream side of the water and foam supply orifices. The diaphragm
val ve automatically adjusts the foamliquid pressure to the water
pressure. Gauges are used for nmanual operation and a valve on the foam
liquid bypass line is adjusted to keep the pressures equal.

[retrieve Figure 6-4. Balanced Pressure Proportioner Installation]

6.2.1.5 Around-the-Punp-Proportioning. This nmethod has a
small line fromthe discharge of the water punp tied back into the punp
suction line. An eductor is placed in the line and is connected to the
foamliquid supply (Figure 6-5). This nmethod requires that the gauge
pressure on the suction side of the punp be zero or negative (vacuun).
The principle of operation is the sane as |ine proportioning.

[retrieve Figure 6-5. Around-The-Punp Proportioner Installation]



6. 2.2 Foam Makers. Foam nmakers convert the solution into foam
bubbl es.

6.2.2.1 Low Back Pressure Foam Makers. Low back pressure foam
makers include foam nozzl es, foam chanbers, foanfwater sprinklers, and
ot her special devices. The foam nmakers operate by aspiration, causing
turbul ence. Foamis produced by the contact of the foanfwater solution
and the turbulent air. Foam expansi on depends on the type of foam
liquid, design of the foam naker, water quality, water tenperature and
inlet pressure to the foam naker. Mst foam nozzles (Figure 6-6) produce
an expansion ratio of 8 to 10 tines
t he solution volune. Foam chanbers (Figure 6-7) provide an expansi on
ratio of 5to 7. An expansion ratio of 3 to 6 are usually produced by
foam water sprinklers (Figure 6-8) or other spray devices.

Figure 6-6. Monitor-Munted Foam Nozzle. PHOTOGRAPH NOT | NCLUDED.

[retrieve Figure 6-7. Foam Chanber Assenbl y]

6.2.2.2 Hi gh Back Pressure Foam Makers. These devices (Figure
6-9) are generally used for subsurface injection of foaminto flamrabl e
liquid storage tanks. Foamis produced when air is drawn in via the
strainer and m xes with the foamconcentrate. This application requires
that the foam after being forned, has a residual pressure so that it can
be forced against the positive head to the surface of the tank (Figure 6-
10). Expansion in these foans is snmall (approximtely two to four tines
solution volune) to reduce fuel pickup while the foamtravels through the
fuel to the surface.
Figure 6-8. Foam Water Sprinklers. PHOTOGRAPH NOT | NCLUDED
[retrieve Figure 6-9. Hi gh Back Pressure Foam Maker]
6.3 H GH EXPANSI ON FOAM SYSTEMS. Hi gh expansi on foam has an expansi on
ratio from1l:100 to 1:1000. These foans can transport water to
i naccessi ble | ocations and produce volunetric di splacenent of air, vapor,
heat, and snoke in fire situations. These systens are used for the
control and extingui shnment of Class A and Class B fires and as a fl oodi ng
agent for use in confined areas.

H gh expansion foamfights fire in the follow ng ways:
o] When generated in sufficient volune, the foam prevents air,

whi ch

is necessary for continued conbustion, fromreaching the fire.

o] When forced into the heat of a fire, the water in the foamis
converted to steam reducing the oxygen concentration by
diluting the air.

o] Converting water to steam absorbs heat fromthe burning fuel.
o] The relatively | ow surface tension of the foam sol ution, which
s
not converted to steam penetrates Class A materials.
o] When accunul ated in depth, the foam provides an insul ating
barrier

to protect exposed materials or structures and prevent fire



spr ead.

[retrieve Figures 6-10 and 6-11. Typical Hi gh Back Pressure Foam
Di scharge and Aspirating Type Foam
Gener at or |

6.3.1 Foam Concentrates. High expansion foam concentrates are
different from| ow expansion foam concentrates; they are not
i nterchangeabl e. Only high expansi on foam concentrates can be used in
hi gh expansi on foam systens. Hi gh expansion foam concentrates are
usual |y proportioned at 1.5%

6.3.2 Foam CGenerators. There are two types of foam generators for
produci ng hi gh expansi on foam

6.3.2.1 Aspirator Type. The aspirator (Figure 6-11) produces
foamw th expansion ratios of |less than 250:1. Jet streans of foam
solution entrain the surrounding air. The mxture is then passed through
a screen which produces the foam

6.3.2.2 Blower Type. This type of generator is nbst comon.

A

fan powered by a water notor or an electric notor blows air through a
screen (Figure 6-12). In the case of the water powered unit, the foam
sol ution

first passes through the water notor, which powers the fan, and is then
di scharged onto the screen. The air stream passing through the screen
produces the foam Electric notor driven fans are also used. Wter
powered generators require a water pressure at the generator of 70 psi.
El ectric powered generators require a pressure of 15 psi at the unit.
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6.4 ASSCClI ATED ALARM SYSTEMS. The al arm systens described in Chapters 2
and 3 can be used to activate foam extinguishing systens. There are sone
considerations for alarmsystens this way.

o] Fast Response. Foamis used as an extinguishing agent in
speci al
hazard situations which require pronpt application of the
extingui shing agent. The detector response tine is an
inportant factor affecting the speed of agent release. Optical
type detectors which pronptly sense infrared or ultraviolet
radiation froma fire are frequently used.

o] Cross Zoning. Fast acting detectors occasionally cause
spuri ous
alarnms which may result in the unwanted rel ease of the
extingui shing agent. One solution to this tendency is cross
zoning. Detectors in an area are divided into two groups and
connected as separate zones to the control unit. Actuation of
at | east one detector fromeach zone is required before the

extingui shing agent is released. |If only one detector is
actuated, an alarmis caused, but no agent is released. 1In the
case of small fires, this permts use of a portable
extinguisher. |[If response to the alarmis slow and the fire

continues to grow, a detector fromthe second zone is actuated
and the extinguishing agent is rel eased.

o] Expl osi on Proof Equi pnent. Electrical alarm equi prent | ocated
t he hazardous environnment nust be designed for the application.
[retrieve Figure 6-12. Blower Type H gh Expansi on Foam Gener at or ]
Usual ly only detectors and associ ated conduit and junction

boxes cannot be located in other, |ess hazardous, areas.
Det ectors and junction boxes for the hazardous environnment nust

be expl osion proof and the heavy wall, rigid conduit nust be
used.
6.4.1 Initiating Devices. Initiating devices used wth alarm

systens for causing agent release are usually electrical, high speed
infrared or ultraviolet detectors (discussed in Chapters 2 and 3).
Factors affecting detector effectiveness such as electrical power and air
pressure, if pertinent, are electrically supervised.

One or two manual nethods to activate the foam system are usually
provided. An electrical manual initiating device, simlar to the
noncoded manual devices described in Chapters 2 and 3, nmay be connected
to the alarm systemcontrol unit to cause inmedi ate foam di scharge
regardl ess of any cross zoning, or it may be electrically connected
directly to cause foamrel ease, independent of the alarmsystem Manual
rel ease usually causes an alarm by actuation of a pressure switch simlar
to those used to detect sprinkler waterflow, described in Chapter 2. The
manual nethod for foamrel ease may al so be a direct nechani cal actuation
of a control valve, independent of any alarm system



6.4.2 Circuit Arrangenent and Function. The normal circuit
arrangenment for a building alarm system whi ch causes foam agent rel ease
includes an auxiliary alarmoutput fromthe control unit which causes
el ectrical actuation of a sol enoid operated water control valve or other
actuating device. Another auxiliary alarmcontact closure or voltage
out put may be connected to start a punp, if required by the particul ar
foam system The power supply for detectors may be the main power supply
for the building alarmsystemor an independent supply of a simlar type.

6.4.3 Alerting Devices. Alerting devices should be provided
outside of an area protected with a total flooding system warning people
that the system has been di scharged. The alerting neans may consist of a
visual indication. A warning sign should also be included to discourage
unaut hori zed personnel fromentering the roomuntil the agent is renoved.
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CHAPTER 6. SELF- STUDY QUESTI ONS

Instructions: Select the correct answer(s) for each of the follow ng
guesti ons.
Q®-1 Mechani cal foamis produced by:

a. Mxing water with air foam concentrate

b. Mxing chem cal foam concentrates and heating

c. Introducing air into foam water solutions

d. Introducing electric current into foam concentrate

Q®-2 Firefighting foans are generally used for the follow ng types of
fires:

a. Flammable |iquids
b. Odinary conbustibles
c. Electrical equipnent

d. Al of the above
Q6-3 The two nost conmon proportioning rates for | ow expansion foam
ar e:

a. 2% b. 3% c. 5% d. 6% e. 9%
Q6-4 Foam concentrates may be interchanged when used for specific
hazar ds.

a. True b. False

Q-5 Aqueous filmform ng foam (AFFF) is nost effective on fires of:
a. Electrical equipnent
b. Gasoline
c. Hexane
d. Kerosene

G- 6 The nost common type of proportioning used for automatic
proportioning
over a wide range of flow rates is:

a. Line proportioning c. Balanced pressure
proportioning

b. Pressure proportioning d. Around-the-punp proportioning

Q-7 The amount of foam expansi on depends on:
a. The type of foamliquid
b. The foam nmaker
C Water quality, tenperature, and pressure
d Al of the above
6- 8 Hi gh expansi on foam can be produced by injecting fluoroprotein
concentrate into a high expansion foam generator

a. True b. Fal se
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CHAPTER 7. | NSPECTI ON, TESTI NG, AND MAI NTENANCE OF FOAM SYSTEMS

| nspect all systens annually to ensure that they are in full
operating condition. Regular service contracts with the manufacturer or
installer are recommended. Recomended inspection and test frequencies
for foam systens are sunmarized in Table 7-1.
TABLE 7-1
SUMVARY OF | NSPECTI ON AND TEST FREQUENCI ES FOR FOAM SYSTEMS

| iMonthly; Quarterly;
Annually; 3 Yr
B E — B ——— T

+omee- i 11. Check foam concentrate level in tank+a+| X | |

|
12. Inspect foam concentrate storage | X | |

3

AN

5
6

\‘

(o]

©

containers for corrosion |
. Check foam concentrate quality |

. Insure all valves are in correct X
position

. Check water supply pressure+a+ PX

. Inspect foam system piping l

. Visually inspect proportioning P X
devices, pumps, and foam makers |

. Operate pumps and all systems :
without producing foam |

. Insure all interlocks and closures |

operate correctly l

|
1
|
1
|
1
|
1
|
1
|
1
|
1
|
1
|
1
|
1
|
1
|
1
|
1
|
1
|
1
|
1
|
1
|
1
|
1
|
110. Operate foam pumps and all systems | | | |
| with foam discharge | | | |
-------- + +a+ For supervised systems inspection can be performed annually

or during

routine facility inspections, whichever is more frequent.
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7.1 LOW EXPANSI ON FOAM SYSTEMS. Inspect and test conponents of | ow
expansi on foam systens as foll ows:

o] Foam Produci ng Equi prent. Visually inspect for physical
damage to
proportioning devices, their accessory equi pnent, hose, and
foam makers nmonthly. In addition, check to see that foam
makers are oriented in proper position and direction as
required for effective operation (especially turret and
oscillating nozzles).

o] Concentrates. Check concentrate |evel in tanks nonthly.
| nspect
foam concentrates and their tanks or storage containers
gquarterly for evidence of excessive sludging or deterioration.
Submt sanples of concentrate to the manufacturer or qualified
| aboratory to test and ascertain foamquality.

o] Di scharge. Operate all systens and allow sone foamto be
di scharged, every 3 years. A laboratory type field test of
f oam shoul d be perfornmed annually to check the physi cal
characteristics of the foamas delivered (see section 7.3).
Contact a qualified manufacturer or installer for this
servi ce.

o] Strainers. |Inspect and clean strainers after any di scharge of
foam whether for a test or a fire.

o] Val ves. Mnthly insure all valves in foamsystemare in
correct
posi tion.

o] Water Supply. Check water supply pressure nonthly.

o] Punps. Operate punps and all systens, w thout producing foam
quarterly.

o] Pi ping. Exam ne aboveground piping to determine its condition
and
t hat proper drainage pitch is nmaintained. Mke pressure tests
of normally dry piping when visual inspection indicates
guestionabl e strength due to corrosion or mechani cal damage.
Spot check underground piping for deterioration at |east every
5 years (see Chapter 5).

7.2 H GH EXPANSI ON FOAM SYSTEMS. Hi gh expansi on foam systens shoul d be
tested and maintai ned as foll ows:

o] Foam Produci ng Equi pnent. Visually inspect all foam
concentrate
punps, tanks, lines, and proportioners for damage or | eaks
mont hly. Check and inspect all high expansion foam systens
annual Iy for proper operation.

o] Concentrates. Check foam concentrate | evel in tanks nonthly.
Any



changes in the foam concentrate which indicate deterioration
in quality should be checked annually. A |aboratory analysis
of foamquality should be perforned annually by the

manuf acturer or qualified |aboratory.

o] Di scharge. Performa discharge test every 3 years or when any

i nspection indicates the need for such a test, i.e. reduced
wat er
supply pressure. As a part of the discharge test,
di stribution patterns of the foam should be observed and
conpared to that from previous tests.
o] Strainers. |Inspect and clean strainers after any di scharge of
foam whether for a test or a fire.
o] Valves. Insure all valves in foamsystemare in correct
position
nont hly.
o] Water Supply. Check water supply pressure nonthly.
o] Interlocks. Insure all interlocks and closures to protected
area
operate correctly, quarterly.
o] Punps. Operate all concentrate punps, w thout discharging
f oam

quarterly.

7.3 FOAM QUALITY. The foam concentrate, foam solution and foam shoul d
be sanmpled on an annual basis to check for any changes in quality which
woul d alter the effectiveness of the foam Changes in quality may result
from degradati on due to aging, contam nation or other effects. The
details of the conplete sanpling and testing procedure are included in
NFPA 11, Standard for Low Expansi on Foam and Conbi ned Agent Systens, and
NFPA 412, Standard for Eval uating Foam Fire Fighting Equi pnent on
Aircraft Rescue and Fire Fighting Vehicl es.

7.3.1 Foam Concentrate. Foam concentrate quality deterioration
can be observed by characteristics such as excessive sludging, a yellow
tint, and an especially foul odor. Attention should be given to the
"shelf life" of the foam concentrate.

7.3.2 Foam Sol ution. Foam solutions can be checked for proper
proportioning. The purpose of these tests are to check the proportioning
equi pnent and to detect any presence of contam nants. The test can be
performed by field personnel, though | aboratory personnel may be
contacted to observe and supervise or to conpletely conduct the test.

A conprehensi ve description of the test is included in NFPA 11 and
NFPA 412. The refractive index of the solution is used as a neans of
measuring the proportion of foam concentrate. However, variations in
water quality and differences in foam concentrates from one manufacturer
to another can significantly affect the refractive index of foam
solutions. Annually, a calibration curve should be constructed of foam
concentrate proportion versus refractive index since water quality and



foam concentrate properties can change with tine.

A calibration curve is prepared by neasuring the refractive index
of at least three carefully made foam solutions of different foam
concentrate to water proportions. The three foam sol utions nust be
manual | y made using a graduated cylinder. The foam concentrate and water
are extracted fromthe supply source such as a holding tank. The
specific proportions of foam concentrate and water used for the carefully
made foam sol uti ons shoul d be sel ected such that one foam concentrate
proportion is greater than, one is approximately equal to, and the other
is less than that expected fromthe proportioner. For exanple, if the
proportioner is set to provide a 3.0 percent foam solution, specially-
made foam solutions of 1.5, 3.0 and 4.5

percent foam concentrate proportions are suggested. A 3.0 percent foam
solution is made by mxing 3 parts (e.g. 3 milliliters) of foam
concentrate with 97 parts (e.g. 97 mlliliters) of water.

The refractive index of each of the three specially-nmade sol utions
is neasured using a refractonmeter. A graph of the refractive index
versus the foam concentrate proportion for the three foamsolutions is
constructed. The calibration curve is established by sketching a snooth
curve which best connects the three points. Then, the foamsolution from
the proportioner of interest can be collected and the refractive index
measured. The foam concentrate proportion of this foam solution can now
be determ ned using the graph with the calibration curve.

7.3.3 Foam Foamqualities of interest include expansion and
drainage tinme. These two qualities are best determ ned by | aboratory
personnel or representatives of the manufacturer/supplier because of
equipnent limtations. |If available, a sanpling trap or collector
described and illustrated in NFPA 11 and NFPA 412 should be used to
col l ect foam sanples for anal ysis.

7.4 ASSCClI ATED ALARM SYSTEMS. Test cross zoned detectors and foam

rel easing devices without actually releasing foam Tests and nai ntenance
of detectors, circuits, control units, annunciators and power supplies
are as described in Chapter 3. Sone alarm systemtest steps in addition
to those described in Chapter 3 are needed.

7.4.1 Electrical Release Devices. Test foam systemelectrical
rel ease devices for proper function annually in conjunction with the
annual discharge test. For a realistic test, it should be conbined with
tests of detectors and the total alarmsystem |[If an actual foam
di scharge test is not needed, close control valves ahead of the alarm
actuated val ve(s), and di sable any punp associated with foam di scharge.
When al arm condi tions for foam di scharge have been caused, sol enoid
actuation of the release val ve should be evident fromthe "thunp" sound.
Check relay actuation to cause punp starting or other auxiliary
functions. Return equipnment to its normal condition after testing.

If the release device fails to operate, check voltage to the
device at the control unit and at the device with the control unit in the
alarmcondition. |If voltages are inproper, troubl eshoot the control unit
or circuit as indicated. Cross zoned systens require an alarmcondition
on both initiating circuits in an area to activate the foamrel ease
sol enoid val ve and associ ated functions. |f voltages are proper, check



solenoid continuity with one side of the circuit open to the control

unit. Sol enoid resistance should normally be a few ohnms. An open

sol enoid shoul d be replaced. Measure coil current with an ammeter in
series if a short circuited or partially short circuited solenoid is
suspected. |If the solenoid fails to operate with coil current of several
anperes flow ng, the solenoid coil is probably short circuited internally
and shoul d be replaced. Retest after solenoid replacenent. After
testing, return manual control valves to the normal, open condition which
were previously closed to prevent the discharge of foam

7.4.2 Cross Zoning. Test cross zoned systens annual ly when the
el ectrical foamrel ease device is tested. Confirmthat alternate
detectors in an area are connected to one of the cross zoned initiating
circuits and that the renmaining detectors are connected to the other
circuit for that area. Prepare a diagramfor future reference if not
al ready available in the control unit.

Tr oubl eshooting of a cross zoned initiating circuit is the sane as
for any other initiating circuit of the sanme class (see Chapter 3).
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CHAPTER 7. SELF- STUDY QUESTI ONS

Instructions: Select the correct answer(s) for each of the follow ng
guesti ons:

Qr-1 Foam pr oduci ng equi pnent shoul d be checked by?
a. Producing foam weekly
b. Renoving and pressure testing hose and foam nmakers weekly
c. Visually inspecting all equi pment weekly
d. None of the above

Qr-2 Strainers for foam systens should be cl eaned and checked after

use?

a. Wekly

b. Quarterly

c. Annually

d. None of the above

Qr-3 Foam concentrate quality deterioration can be observed by?

Excessi ve sl udgi ng
Yel l ow tint

Foul odor

Al of the above

eoop
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CHAPTER 8. GASEQUS EXTI NGUI SHI NG SYSTEMS

8.1 GENERAL. (Gaseous extinguishing systens can be divided into three
general categories:

8.1.1 Local Application Systens. Local application systens are
arranged to di scharge the agent onto and around the burning material .
They are comonly used for protection of |ocalized hazards such as paint
di p tanks, restaurant range hoods, and special notors.

8.1.2 Total Flooding Systens. Total flooding systens are arranged
to di scharge the agent into and conpletely fill an encl osed space or
encl osure about the hazard to the proper concentration for
extingui shnent. These types of systens are commonly found in flamrabl e
liquid storage roons, electronic equi pnent roons, conputer installations
and transfornmer vaults containing oil filled equipnent.

8.1.3 Hose Line Systens. Hose |line systens discharge the
ext i ngui shing agent through manual |y operated nozzl es connected by hose
or by fixed piping and hose, to a fixed supply. At the present tine,
carbon dioxide is the only gaseous type extinguishing agent approved for
manual hose |ine systens.

8.2 CARBON DI OXI DE SYSTEMS. Carbon dioxide is a colorless, odorless,
inert gas at roomtenperature. It is also heavier than air. The gas is
noncorrosive and el ectrically nonconductive. There are two general

met hods of applying carbon dioxide to extinguish a fire.

Met hod one is to create an inert atnosphere in the enclosure or room

in which the hazard is located. 1In cases where deep-seated fires

are likely, it is necessary to maintain this inert atnosphere in the
enclosure for a period of tinme until extinguishnent is conplete.

This nmethod is known as total flooding.

Method two is to discharge carbon dioxide at the surface of |iquids

or nonconbustible surfaces coated with flammble Iiquids or |ight

deposits of conbustible residues. This nmethod is known as | ocal
application. No enclosure is needed around the hazard, but it is
essential in |ocal application that the fire be conpletely

extingui shed w thout any possibility of reignition.

As carbon dioxide is electrically nonconductive, it is used
extensively for the protection of electrical equipnment. The nondanagi ng
characteristics of carbon dioxide nmake it attractive as an agent for
roons containing high value contents such as conputer roons and conputer
tape vaults. In addition, no post-fire clean-up is needed because of
car bon di oxi de di schar ge.

Di scharging large quantities of carbon dioxide to extinguish fires

may create hazards to personnel. A carbon dioxide cloud fromthe
di scharge may seriously interfere with visibility during and i medi ately
after the discharge period. |In addition, the noise of discharge my

frighten people
who have not experienced it previously or been prepared as to what to
expect .
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At concentrations typically required for extinguishnment in total flooding
systens, carbon di oxi de may cause serious harm possibly death. Oxygen
deficient atnospheres will be produced where extingui shnent depends on
creating such an atnosphere in an encl osed space or room especially in
roons wwth total flooding systens. They also nmay be produced by any

| arge volunme of carbon dioxide drifting and settling in adjacent |ow
spaces, such as cellars, tunnels, or pits.

Hazards of oxygen deficient atnospheres can be controlled by
installing warning systens and devices, establishing specific energency
procedures, del aying di scharge of the carbon dioxide, and by ot her
simlar steps. Protective equipnment should be provided to permt the
rescue of personnel trapped in the room if fire departnment response is
not expected to be pronpt.

The principal property limting the use of carbon dioxide is its | ow
cooling capacity conpared with water. The problem of providing enough
carbon di oxi de to extinguish some types of fire conpletely w thout danger
of reignition, may rul e out using a carbon di oxi de system despite other
factors that may nake its use desirable.

Car bon di oxi de used as an extingui shing agent is stored in liquid
formunder its own vapor pressure, providing its own pressure for
di scharge. As long as liquid is present, the pressure at a given liquid
tenperature is constant. As the liquid tenperature increases, so does
the pressure, up to the critical tenperature of 87.8 deg. F. Above this
point no liquid is present, and pressure depends on percent filling
(Figure 8-1).

There are two general types of carbon di oxi de extingui shing systens:
hi gh pressure and | ow pressure.

8.2.1 High Pressure Systens. Hi gh pressure cylinders are used to
store liquid carbon dioxide at anbient tenperature (Figure 8-2). Nornal
cylinder pressure is nomnally 600 psi. The pressure inside the cylinder
is directly affected by the tenperature where the cylinder is placed.

The maxi mum al | owabl e tenperature for storage areas is 130 deg. F and the
mninmumis 32 deg. F.

Overfilling the cylinder can cause overpressurization. An increase
in tenperature causes the liquid inside the cylinder to expand. This
expansi on does not increase pressure inside the cylinder if there is a
vapor space for the liquid to expand into. However, if the container
beconmes full, pressure rises rapidly with an increase in tenperature. To
prevent this type of overpressurization, cylinders are filled with carbon
di oxi de equi valent to 68% of the weight of water the cylinder can hold at
60 deg. F.

[retrieve Figures 8-1 and 8-2. Pressure in Carbon D oxide Cylinders and
Typi cal Cylinder Arrangenent]
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For safety purposes, the high pressure cylinders have a frangible
di sc designed to burst at 3,000 psi to prevent rupture of the cylinder as
a result of overpressurization.

8.2.2 Low Pressure Systens. Low pressure systens use a pressure
vessel maintained at 0 deg. F by insulation and refrigeration equi pnent
(Figure 8-3). At this tenperature and with the pressure of approximtely
300 psi inside the container, the carbon dioxide is stored as a |iquid.
The filling density will not affect the pressure in the tank as |ong as
vapor space is available for liquid expansion.

Because the storage container is nechanically kept at |ow
tenperature, the containers are usually filled to 90 to 95% of capacity.
For safety purposes, relief valves are provided to prevent
overpressurization. The relief valves have a di aphragmvalve set to
bl eed of f vapor if the pressure exceeds 341 psi, and a relief valve set
to operate at 357 psi for a nore rapid release if the pressure continues
torise. There is also a frangible disc designed to burst at 600 psi.
[retrieve Figure 8-3. Refrigerated Low Pressure Carbon Di oxi de Storage
Tank]

8.2.3 Conparison of Low and H gh Pressure Systens. A conparison of
the characteristics of both | ow and hi gh pressure carbon di oxi de systens
is discussed in the follow ng sections.

8.2.3.1 Service and Mai ntenance. Low pressure storage units have
a liquid | evel gauge which continuously nonitors the anmount of carbon
dioxide in storage. In addition, the refrigeration systemfor |ow
pressure systens nust be checked periodically. Hi gh pressure cylinder
systens require weighing the cylinders to determ ne the quantity of
carbon di oxi de (see Chapter 9).

8.2.3.2 Design Quantities. H gh pressure systens permt storage
of al nost the exact anount of carbon dioxide required to protect the
hazard because of the flexibility and selection of cylinders avail able,
ranging in size from5 to 100 pounds. The snmallest |ow pressure system
is 750 pounds.

8.2.3.3 Hydrostatic Testing. H gh pressure cylinders are required
to be refilled and hydrostatically tested once every 12 years. Low
pressure systens do not require periodic refilling or hydrostatic
t esting.

8.2.3.4 Discharge Rate. Pressures in high pressure cylinders are
directly affected by anbient tenperatures which, in turn, affect the
di scharge rate of the carbon dioxide. Low pressure systens keep the
liquid carbon di oxide at approximtely 0 deg. F and 300 psi at all tines,
whi ch assures a nore predictable discharge rate.

8.2.3.5 Miltiple Hazard Protection. Low pressure systens all ow
automati c, sinultaneous discharge for nore than one hazard area on an
engi neered basis. Hose reels can also be attached to these systens to
operate sinultaneously wi th hazard protection.

8.2.3.6 Reserve Supply. For |low pressure systens a reserve supply
can be provided by nerely increasing the storage unit size. High
pressure systens require a conplicated manifol ding and val ving



arrangenent to achieve a reserve supply. After one discharge, the
reserve supply provides standby protection during the tinme period
required to recharge the storage unit to full capacity.

8.2.3.7 Wight and Storage Space Requirenents. Hi gh pressure
systens require approxi mately 3 pounds of equi pnent for every pound of
stored carbon dioxide. Low pressure systens require |less than 2 pounds
of equi pnent for every pound of stored carbon dioxide. Usually, |ow
pressure systens require |less floor space for storage of equal anounts of
carbon dioxide. In many instances |ow pressure storage containers are
pl aced outside of the buildings. Because of the space requirenents, |ow
pressure systens are often used when a | arge anmount of carbon dioxide is
required. Hi gh pressure systens allow flexibility in space requirenents
since multiple cylinder banks may be stored in several snmaller |ocations.
Low pressure units require one large single area for the refrigerated
storage unit.

8.2.4 (perating Devices. Release of the agent occurs through
operation of the Control and Rel ease portion of the system The Control
and Rel ease portion consists of a cylinder valve, discharge head and
control head (see Figure 8-4).

[retrieve Figures 8-4 and 8-5. Carbon D oxide Control and Rel ease
Portion and Carbon D oxi de Pneunmatic
Control Head]

Pressure fromthe stored carbon dioxide acts on the discharge and
pilot seats, illustrated in Figure 8-5, to keep the seats closed,
preventing gas escape. Upon operation of an electric or pneunmatic
control head, the pilot seat is opened, permtting discharge of the gas.
The position of all parts in the Control and Rel ease portion during gas
di scharge is illustrated in Figure 8-6.

In high pressure systens having three or nore cylinders, at |east two
cylinders are actuated directly by rel ease devices and are called pil ot
cylinders. The other cylinders, referred to as "slave cylinders”, are
usual |y operated by the pressure of carbon dioxide released fromthe
pilot cylinders. In systens having two cylinders, one serves as the
pilot cylinder. The slave cylinders can be identified as no control head
IS present.

In | ow pressure systens, carbon dioxide flowis controlled by
pressure operated valves in response to a tiner actuated by the detection
system (see Section 8.4).

8.2.5 Piping. Pipe and fittings are selected to have suitable | ow
tenperature characteristics and good corrosion resistance inside and out.
Steel, copper, brass, and other materials having sim|l|ar mechanical and
physi cal properties are acceptable. Ferrous netals are gal vani zed.
Copper tubing with suitable flared or brazed connections is al so
acceptable. Malleable or ductile iron fittings neeting ASTM A-395, G ade
60-45-15, are acceptable. Steel pipe neeting ASTM A-53 has good | ow
tenperature characteristics. Cast (gray) iron pipe and fittings are not
used.

Val ves constantly under pressure in high pressure systens nust have a
m ni mum burst pressure of 6,000 psi. For those conmponents not under



continuous pressure, such as pipe and fittings for high pressure systens,
t hey have a m ni mum bursting pressure of 5,000 psi. In |ow pressure
systens, pipe and fittings have a m nimum burst pressure of 1,800 psi.

[retrieve Figures 8-6 and 8-7. Carbon Dioxide Electric Control Head and
Car bon Di oxi de Nozzl es]

Bet ween the storage tank and sel ector val ves, black steel pipe nmay be
used because of the larger sizes involved and the tightness fromthe
at nosphere. The supply piping is usually routed so that it is not
unnecessarily exposed to high tenperatures fromovens or furnaces or to
direct flane inpingenment prior to discharge. Hot piping causes excessive
vaporization of carbon dioxide and resultant delay in effective
di schar ge.

Pressure relief devices or other valves that prevent entrapnent of
liquid carbon dioxide nmay be installed on sections of piping that can be
closed off. On high pressure systens, relief devices should operate
bet ween 2,400 to 3,000 psi, and, on | ow pressure systens, at 450 psi.

8.2.6 Nozzles. Nozzles are of various designs and di scharge
patterns. Two conmon types are shown in Figure 8-7. Nozzles are marked
wi th a code nunber indicating the dianeter in 1/32-inch increnents of a
single orifice standard nozzle having the sanme flowrate. A No. 5
nozzl e, for exanple, has the same flow rate as a 5/32-inch-di aneter
standard orifice. A plus sign (+) after the nunber indicates a 1/64-inch
| arger size. Decimals are sonetinmes used to indicate sizes between the
whol e nunbers.

8.2.7 Total Flooding Systens. Total flooding systens are used for
roonms, ovens, enclosed machi nes, and other encl osed spaces contai ni ng
mat eri al s exti ngui shabl e by carbon di oxi de.

For effective total flooding, the space nust be reasonably well
encl osed so that the carbon dioxi de does not | eave the room before
extingui shnment is achieved. This is especially inportant in areas where
deep-seated fires in

ordi nary conmbustibles are likely, for exanple stacks of paper. Doors and
danpers nust be arranged to close automatically and ventilation equi pnent
to shut down automatically, no later than the start of the discharge.

ot herwi se, additional carbon dioxide nust be provided to conpensate for

t he | eakage. Automatic cl osing devices for openings nust be able to
overcone the discharge pressure of the carbon dioxide. Conveyors,
flammabl e |iquid punps, m xers and ot her equi pnent nmay be arranged to
automatically shut down on actuation of the protection system A typical
arrangenment of a total flooding carbon dioxide systemis shown in Figure
8- 8.

[retrieve Figure 8-8. Total Flooding Carbon Di oxide SystemlInstallation]

8.2.8 Local Application Systens. Local application systens are
used to protect |ocalized hazards such as oil-filled transforners and
paint dip tanks. Ventilating fans, conveyors, flamuable |iquid punps,
and m xers associated with the operation may be interl ocked to



automatically shut down on actuation of the protection system A typical
arrangenment of a |ocal application carbon dioxide systemis shown in
Figure 8-9. Nozzles should be positioned to conpletely surround the
hazar d.

8.2.9 Hose Line Systens. Hose |ine carbon dioxide systens are used
to supplenent fixed protection systens or portable fire extinguishers for
al | hazards extingui shabl e by carbon di oxi de.

Hose line systens may be supplied either by high pressure or |ow
pressure systens. A high pressure hose |line installation is shown in
Figure 8-10. The carbon dioxide may be stored in a fixed tank, as
illustrated in Figure 8-10, or on a tank nmounted on a nobile vehicle.
[retrieve Figures 8-9 and 8-10. Local Application Carbon D oxide

Install ation and Carbon D oxi de Hose

Li ne System Installation]
8.3 HALOGENATED GAS SYSTEMS. Several types of hal ogenated gas systens
have been devel oped for fire protection purposes: Halon 104, Hal on 1001,
Hal on 1011, Halon 1202, Halon 1211, Halon 1301, and Hal on 2402. The
nunbers relate to the chem cal fornulae of the gases. The first digit
identifies the nunber of carbon atons in the chem cal nol ecul e; the
second digit identifies the nunber of fluorine atons; the third digit
identifies the nunber of chlorine atons; the fourth digit identifies the
nunber of bromne atons; and a fifth digit, if any, identifies the nunber
of iodine atons present.

Primarily, Halon 1301 and Hal on 1211 are in general use in the
United States today. These two types are recognized by the National Fire
Protection Association. The standards for their installation and use,
published in the National Fire Codes, are NFPA 12A, Standard on Hal on
1301 Fire Extinguishing Systenms and NFPA 12B, Standard on Hal on 1211 Fire
Ext i ngui shi ng Syst ens.

Hal ogenat ed gaseous systens are usually used in the foll ow ng
si tuati ons:

o] Where a cl ean extinguishing agent is needed
o] Where energi zed electrical or electronic circuits are to be
prot ect ed
o] Where flamuable Iiquids or flanmabl e gases are present
o] Where surface burning conbustible solids are protected
o] Where hi gh val ue objects or processes need protection
o] Where carbon dioxide is inappropriate since the area to be
protected is normally occupied by people
_ o] Where availability of water or space for other types of systens
e limted

8.3.1 Characteristics of Halon 1301 and Hal on 1211. Generally,
Hal on 1301 is used in total flooding applications. Halon 1211 or Hal on
1301 may be used for |ocal application systens. At the present tine
there is no equi pnent approved for |ocal application systens using



hal ogenat ed agents. A schematic of a typical total flooding halon system
is presented in Figure 8-11.

For effective fire fighting purposes, a m ninum concentration of 5%
is reconmended for total flooding systens for surface fires of ordinary
conbustibles or for protecting electronic data processing or conputer
equi pnent. Deep seated fires, such as in cable insulation or stacks of
paper, require much greater concentrations and extended hol ding tines.

As opposed to carbon di oxi de which extinguishes fires by displacing
oxygen, Halon 1301 and Halon 1211 are believed to extinguish fires by
interrupting the conmbustion chain reaction. Both Halon 1301 and Hal on
1211 deconpose when heated to approxi mately 900- 1000 deg. F. The thernma
deconposition products of both Hal on 1301 and Hal on 1211 i ncl udi ng
hydr ogen fluoride, hydrogen brom de, hydrogen chloride, brom ne and
chlorine are toxic and corrosive. Thus, Halon 1301 and Hal on 1211
systens are designed to quickly achi eve extingui shnment, thereby reducing
the room tenperatures bel ow whi ch deconposition is not substantial.
Several aspects of a testing, inspection and mai ntenance program are
related to the elimnation of detrinmental factors for pronpt
ext i ngui shnent .

Hal on 1301 is the nost comonly used hal ogenated gas in use today.
It is the least toxic of any of the hal ogenated gases and does not harm
per sonnel when concentrations are between 5 and 7% Between 7 and 10%
m nor disorders of the central nervous system may occur and above 10%
unconsci ousness may result. Because of the toxicity concerns in addition
to the noise, turbulence and | ocalized cooling effects associated with
Hal on di scharge, personnel evacuation fromthe roomis often recomended.
(For additional information on Halon 1301, refer to NFPA Standard 12A.)
One principal use of Halon 1301 is in conputer roons.

Hal on 1211 is toxic to people when concentrations exceed 4% This
precludes its use as a total flooding agent for areas occupied by
personnel . Halon 1211 is normally used in portabl e extinguishers which do
not allow a significant concentration to develop in a space to cause a
hazard for people.

8.3.2 Storage. Equipnent for Halon fire extinguishing systens is
simlar to that utilized for high pressure carbon dioxide systens
(Section 8.2.1). Halon 1301 is stored in a cylinder superpressurized with
nitrogen to 600 psi (at 70 deg. F) to provide an expellent pressure for
the agent in excess of the agent’s normal vapor pressure. Also used for
Hal on agent storage are spherical containers. Storage containers for
hal ogenat ed systens are illustrated in Figure 8-12. Since the design
concentrations for halon are typically much |l ess than carbon dioxide, the
amount of hal on agent stored is also | ess than carbon di oxide protecting
t he sane space.

8.3.3 Operating Devices. Operating devices for total flooding hal on

systens are simlar to those for high pressure carbon dioxide systens,
described in section 8.2.4.

[retrieve Figure 8-11. Total Flooding Hal on Systen



Figure 8-12. Halon Storage Containers. PHOTOGRAPH NOT | NCLUDED

8.3.4 Piping. Piping nust be nonconbustible, have suitable | ow
tenperature characteristics and not be highly sensitive to corrosion.
Steel, copper, brass, and other materials having siml|ar mechanical and
physi cal properties are acceptable. As with carbon dioxide systens, cast
(gray) iron piping and fittings are not permtted. Pressure relief
device requirenments and piping installation is simlar to that for carbon
di oxi de systens (see section 8.2.5 for nore details).

8.3.5 Nozzles. As with carbon dioxide, halon nozzles are selected
for the specific application based on discharge rate and gas distribution
requi renents. Nozzles are marked to indicate the nozzle dianeter. In
| ocal application systens, nozzles should be directed at the hazard
protected. A Halon 1301 nozzles for total flooding applications are
illustrated in Figure 8-13. Nozzles may be connected directly to the
storage container, thereby elimnating the piping system (see Figure 8-
14) .

Figure 8-13. Halon Nozzles. PHOTOGRAPH NOT | NCLUDED

[retrieve Figure 8-14. Self-Contained Hal on Systeni

8.4 ASSOCI ATED ALARM SYSTEMS. The al arm systens described in Chapters 2
and 3 can be used to activate gaseous extinguishing agents. However,
there are sonme special considerations for alarmsystens for gaseous
systens because of possible toxic effects on personnel, the need for
reasonably fast response, and reliable operation.

The response of gaseous extingui shing systens is not usually as
urgent as foam agents, since the gaseous agents are nore quickly
di scharged. Personnel safety fromthe possible toxic effects of the
agents used is another consideration inpacting the speed requirenent.
Fi xed tenperature, rate of rise and/or snoke detectors are frequently
used as initiating devices.

For gaseous system false discharge of the agent can be very
expensive in terns of refilling costs. Cross zoning as described for
f oam exti ngui shing systens, is frequently used for gaseous extingui shing
systens to reduce the chance of a false discharge. The first detector
(zone) actuated is usually arranged to cause a |ocal audi ble and/or
visual signal. The second detector (zone) actuation causes a distinctive
| ocal signal to warn personnel that the extinguishing agent is about to
be rel eased. After a short tine delay, the extinguishing agent is
di schar ged.

Some gaseous extinguishing systens, usually those protecting
popul at ed spaces, have an abort feature to avoid unnecessary di scharge of
an expensive, possibly toxic gaseous agent. Extinguishing systens with
t he abort feature have a tine del ay between actuation of the second (or
only) detector and rel ease of the agent. The delay may be factory set or
adjustable. It is usually set in the range 15 to 60 seconds to all ow
time for personnel to |leave the area or extinguish the fire before
rel ease of the agent and to allow for manual interruption of the agent
rel ease sequence. |If the situation is not dangerous, the sequence can be
interrupted by a nmanual abort switch. When the detectors and control
unit have been restored to their normal condition, the abort switch can
be restored. The abort switch is usually designed to be held in (until



the control panel is reset) so that the agent discharge cannot be
accidentally inpaired when the switch is unattended.

8.4.1 Initiating Devices. Any of the detectors discussed in
Chapters 2 and 3 may be used as initiating devices to activate gaseous
extingui shing agents. Frequently used detectors for gaseous agents are
spot type ionization snoke detectors and rate conpensated heat detectors.
Factors affecting detector effectiveness, such as electrical power and
air pressure, if pertinent, are supervised.

One or two manual nethods for rel ease of the gaseous agent are
usual Iy provi ded:

o] Manual fire alarmdevices, simlar to the noncoded devices
described in Chapters 2 and 3, are frequently connected to the
al arm systemcontrol unit to cause i nmedi ate di scharge of the
gaseous agent, regardl ess of cross zoning and tinme del ays
ot herw se provi ded.

o] Manual devices may al so be connected electrically to cause
di rect
rel ease of the agent, independent of the alarmsystem

o] Di rect nechanical rel ease of agent nmay be achi eved by nmanual
actuation of a control valve.

Whet her the agent release is caused by an alarmcontrol unit
auxiliary output or by an independent manual nethod, there should be an
alarmat the alarmsystemcontrol unit. Mnual release of the gaseous
agent usually causes an alarm by actuating a pressure switch which senses
the increase in pressure in the gas line or manifold between the rel ease
val ve(s) and the nozzl es.

8.4.2 Circuit Arrangenent and Function. The normal circuit
arrangenment for a building alarmsystemto rel ease a gaseous
extingui shing agent is the sane as for a building systemw th added
features such as cross zoning, the abort feature, nmanual rel ease of
agent, and other specific auxiliary functions of the alarmsystem Al arm
systens which rel ease a gaseous extingui shing agent use auxiliary alarm
outputs to segregate the protected area and reduce di spersion and
dilution of the agent. Typical auxiliary functions are fan shutdown,
door (and wi ndow) closure, and closure of air handling system danpers.
Gaseous agent rel easing alarm systens applied to conputer room
installations al so shut down conputer power at the tine the agent is
released to elimnate the heat source for possible electrical fires.

A typical sequence of alarmsysteminitiated events in a conputer
roominstallation which includes all the usual features is:

o] Detection of fire by first detector in an area causes |ocal and
renmote alarmindication, fan shutdown, door and danper closure
and ot her m scellaneous auxiliary functions through interlocks
wi th building systens.

o] Detection of fire by second detector in the area (cross zoned
first detector) causes a distinctive |ocal audible signal and

initiates tinme delay during which agent rel ease and conputer
power shutdown nmay be aborted.



o] At end of an adjustable delay (nomnally 20 seconds), assum ng
t he
rel ease is not aborted, conmputer power is shut down and the
extingui shing agent is released into protected area.

8.4.3 Aerting Devices. Alerting devices should be provided
outside of an area protected by a total flooding system warning people
that the system has been di scharged. The alerting neans may consist of a
visual indication. A warning sign should also be included to discourage
unaut hori zed personnel fromentering the roomuntil it has been
sufficiently ventilated to renove the agent.
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CHAPTER 8. SELF- STUDY QUESTI ONS

Instructions: Select the correct answer(s) for each of the follow ng

guesti ons.
&®B-1 Car bon di oxide is recommended for fires in electrical equipnent
because it is electrically conductive.
a. True b. False
@®8B-2 Car bon di oxi de extingui shing systens nmay create hazards to
per sonnel
by:
a. The "cloud" interfering with visibility
b. The frightening noise
c. Creation of an oxygen deficient atnosphere
d. Al of the above
@®8B-3 The normal pressure in a high pressure carbon dioxide cylinder is:
a. 100 psi
b. 500 psi c¢c. 600 psi d. 1000 psi
@®B-4 Low pressure carbon di oxi de systens are maintained at a

tenperature

-5

8- 6

pound

-8

gas

of :

a. 42 deg. F
b. 32 deg. F c. O deg. F d. -20 deg. F

Hi gh pressure carbon dioxide cylinders require hydrostatic testing
whil e | ow pressure storage tanks do not.

a. True b. False
Low pressure carbon di oxi de systens require | ess equi pnent per

of stored carbon dioxide than high pressure systens.
a. True b. False

Car bon di oxi de nozzles are marked wi th nunbers, for exanple No. 3.
Thi s nunber neans:

a. The nozzle has been coated with No. 3 dye
b. The nozzle wll discharge the equivalent of a 3/32-inch
standard orifice
c. The nozzle will discharge the equivalent of a 3/8-inch
standard orifice
The No. 3 identifies the manufacturer’s serial nunber only

The nunbers followi ng the word "Hal on" in describing a specific
relate to:

a. The manufacturers identification



b. Nothing; the nunbers are picked at random
c. Chemcal fornulation
d. The nunber of processes involve in production of the gas

@®8B-9 The follow ng are the principal types of Halon used for fire
extingui shing systens in the United States:

a. Halon 1011
b. Halon 1202 c. Halon 2402
d. None of the above
@B-10 The concentration |evel at which Hal on 1211 becones toxic to

peopl e is:
a. 2%
b. 4%
c. 6%
d 10%
®B-11 The nmethod used to delay the discharge of a gaseous extingui shing
systemis:
a. Cross zoning of fire detectors
b. The manual abort feature
c. Atine delay period
d. Al of the above

®B-12 A typical arrangenent of a cross zoned detection systemfor a
Hal on extingui shing systemin a conputer room woul d:

a. Discharge the Halon inmediately after activation of the first
detector zone
b. Provide an audi ble alarmupon activation of the first detector
and allow the fans to keep running
c. D scharge the Halon after a tine delay period follow ng
activation of the second detector zone

d. D scharge the Halon after a tine delay period follow ng

activation of the first detector zone
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CHAPTER 9. | NSPECTI ON, TESTI NG AND MAI NTENANCE OF GASEQUS SYSTEMS

| nspect all systens as indicated in this chapter to be sure they are
in operating condition. Regular service contracts with the manufacturer

or installer are recomended. |Inspection and test frequencies for
gaseous extingui shing systens are sunmarized in Table 9-1.
TABLE 9-1

SUMVARY OF | NSPECTI ON AND TEST FREQUENCI ES
OR GASEQUS SYSTEMS

' Weekly Monthly Annually

1
Annually |
1

i

. Check nozzles and hand hose lines X

N

. Weigh cylinders X

w

. Check liquid level in low pressure X+a+
CO+2+ storage tanks

X TTNTTTT X T TR

. Check devices and connections of X
low pressure C0O+2+ systems for
leakage

. Test tank alarm pressure switch and X+a+
identification device

. Conduct actuating and operating
1
1
tests of gas cylinders

. Hydrostatic test of cylinders and (See section 9.1.1 and 9.2)
hoses

. Check cross-zoning initiating circuit

+a+ Frequency may be increased to annually for supervised systems

9.1 CARBON DIOXIDE SYSTEMS.

9.1.1 High Pressure Systems. Check hoses and nozzles, cylinders,
and cylinder pressure as follows: a) monthly check that all nozzles and
hand hose lines are clear, undamaged and in the proper position and b)
monthly check
that all operating controls are properly set.



Wei gh cylinders sem annually and replace any that show a wei ght | oss
of greater than 10 percent. To weigh cylinders:

o] Loosen each cylinder support and di sconnect each di scharge
head D scharge heads are designed to be renpved and repl aced w t hout
t ool s.
o] Weigh cylinders with a beam scale (Figure 9-1), if available,
or
with a platformscale. To weigh with a platform scale, renove
the cylinders,conpletely fromthe rack and Iift themon to the
scal e.
Test cylinders and hoses hydrostatically as foll ows:
o] Hydrostatically test cylinders to a m ninum pressure of 3,000
psi .

[retrieve Figure 9-1. Beam Scal e Portable Cylinder Wi ghing Device]

The frequency for testing is as foll ows:
o] | f discharged after five years fromdate of |last test, perform
hydrostatic test.

o] I f not discharged after twelve years fromdate of |ast test,
di scharge cylinder and perform hydrostatic test.

Hydrostatically test hoses to a mnimum pressure of 2,500 psi. The
frequency of testing is every 5 years. After discharge of the agent, the
Control Head parts do not require replacenent. Typically, the Control
Head can be easily reset with a screwdriver. |If facilities with the
expertise for testing are not avail able, contact fire extingui sher
contractors to performthe tests.

9.1.2 Low Pressure Systens. Check nozzles, pressure and | eve
gauges, and for leaks in all devices weekly. Wekly, check and record
the reading on the liquid | evel gauge of all storage tanks. Refill tanks
when the quantity is less than the mninmnumrequired to protect the
| argest single hazard, including any required reserve supply.

Mont hly check to see that all nozzles are clear and in the proper
position and that all operating controls are properly set. Mnthly check
for | eaks on all devices and connections under continuous pressure,

i ncludi ng val ve packi ng gl ands, screwed connections and safety relief
val ves.

Sem annual |y test the tank-alarm pressure switch and the operation
of the alarmbell or light by reducing and increasing the pressure.
Performthis test as follows:

o] Cl ose valve on the piping fromthe vapor space to the alarm
pressure swtch



o] Renove the test plug to reduce pressure

o] | ncrease pressure by connecting a high pressure cylinder to the
t est openi ng.

o] After testing, disconnect high pressure cylinder, replace test
pl ug, and reopen valve on the alarm pressure switch piping.

o] If bell or light fails to operate on pressure test, repair or
repl ace, and test again.

Check the liquid |l evel and pressure gauges for accuracy once each
year. Replace frangible discs on the storage tanks once every 5 years.
Mai ntain refrigeration equi pnment according to manufacturer’s
instructions. The weekly liquid | evel check and sem -annual tank-alarm
pressure switch and alarm may be performed annually when the systemis
supervi sed, such that continuous checking of these conponents can be
perfornmed at a nonitored | ocation.

9.2 HALOGENATED SYSTEMS. Hoses shoul d be checked as for high pressure
syst ens.

For total flooding system the roomenclosure is an inportant
paranmeter affecting the systemeffectiveness. Thus, the "tightness" of
the room shoul d be checked annually by nmaking sure that all seals are
still in place. Where practical, the operation of the rel ease nmechani sns
for doors, w ndows and danpers should be checked, in addition to the
operation of the door, wi ndow and/or danper itself. Also on an annual
basis, the operation of any auxiliary functions should be checked, such
as equi pnent shutdown, alerting devices, etc.

The follow ng steps are recommended for the inspection and
mai nt enance of hal ogenated systens.

Mont hly check to see that all nozzles are clear, undanmaged, and in
proper position. Also check that all operating controls are properly
set. Sem annual |y check wei ght and pressure of containers. (See
procedures for verifying carbon dioxide cylinders.)

o] If the container has a loss in net weight of nore than 5% or a
| oss
in pressure (after adjusting for tenperature) of nore than 10%
either refill or replace the container.
o] If a factory charged nonrefillable container which does not

have a
pressure indicator shows a loss in net weight of nore than 5%
repl ace the container.
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A thorough check of the systens and all its conponents should be done
once a year. Annually test all actuating and operating devices for
proper operation. A cylinder containing carbon dioxide or freon may be
used in place of Halon cylinders to mnimze the cost of a discharge
test, or a sinmulated test of pressure operated devices may be conduct ed.
Hydrostatically test cylinders at the follow ng intervals:

o] | f discharged after five years fromdate of |last test, perform
hydrostatic test.

o] I f discharged after 20 years fromdate of |last test, perform
hydrostatic test.

If the cylinder appears to be physically damaged or corroded, the
cylinder should be renoved and tested pronptly. As with carbon dioxide
total flooding systens, an annual inspection should be perforned to
insure that the roomis well sealed. Were possible, operation of the
rel ease nmechani sns for closing devices in the room openi ngs should be
checked.

9.3 TESTI NG AND MAI NTENANCE OF ASSCClI ATED ALARM SYSTEMS. Testing and
mai nt enance of detectors, circuits, control units, annunciators, relays
and power supplies for carbon di oxi de and hal ogenated gas systens are as
described in Chapter 3. Sone additional steps are required to test cross
zoned detectors, electrically operated rel eases for gaseous agents, and

t he abort feature.

9.3.1 Release Devices and Auxiliary Functions. Test electrically
operated rel ease devices for gaseous extinguishing systens annual ly.
Conbine the test with tests of detectors and the total alarmsystem |If
an actual discharge test is not desired, be sure to prevent gas discharge
and conput er power shutdown, while allow ng observation of electrical
functions. This may require valve closure or partial disassenbly of
di aphragm pi erci ng sol enoi d plunger type val ves and manual override of
the conputer shutdown feature. Refer to systeminstructions fromthe
equi pnent manufacturer or installing conpany. The sane nethod, once
determned, is normally used for testing manual devices electrically
connected to cause direct actuation of gas rel ease devices.

After taking necessary steps to prevent gaseous di scharge, create
t he necessary alarmconditions to actuate the extinguishing system by
actuating detectors or manual initiating devices. At the end of the tinme
delay interval, release device actuation should be evident by sound or
vi sual observation. Verify that relays for auxiliary functions actuate.
Take notes on which event relays are actuated at the first cross zoned
detector alarm second cross zoned detector alarm and at the end of the
timer interval. Note the anount of tine delay between the second detector
actuation and the del ayed functions.

If release devices or auxiliary functions fail, check appropriate
out put voltages at the control unit and at the failed device with the
control unit in the alarmcondition. |If voltages are inproper,

troubl eshoot the control unit or circuit as indicated. Cross zoned
systens require an alarmcondition on both initiating circuits in an area
to actuate rel ease devices and sone auxiliary functions. |If a timed
function fails, check input voltage to the tinmer and the del ayed out put



voltage fromthe timer with a voltneter. Replace the tinmer if input is
proper but output is not.

| f voltages are proper, check solenoid and relay coil continuities
Wi th one side of their respective energizing circuits open to the control
unit. See testing and nai ntenance for foam systens, Section 7.3.1, for
instructions for this test. Replace defective devices and/or wring.

9.3.2 Cross Zoning. Check cross zoned systens annual ly when the
gaseous systemrel ease device is tested. Test procedures are the sane as
for foam systens (Section 7.3.2). Troubleshoot a cross zoned initiating
circuit the sane as any other initiating circuit of the sane cl ass.

9.3.3 Abort Feature. In gaseous extinguishing systens with an
abort feature, test the feature annually, along with other el enments of
the system To test the abort feature, first determne the tinmer setting
fromprior test records or installation data, Then, cause first and
second cross zoned detector alarns. The second detector alarmstarts the
timed period during which gaseous agent rel ease and ot her abortable
functions may be activated. Operate the abort switch approximately in the
mddle of the tine interval. The test should normally be perfornmed with
agent rel ease and conmputer shutdown features disabled as described in
testing rel ease and auxiliary devices, Section 9.3.1. At the end of the
timed interval confirmthat the aborted functions do not occur. Possible
causes of abort failure are as foll ows:

o] A defective abort switch
o] A defect in the wiring between the abort switch and the nmain
control unit
o] | mproper abort feature installation or an inproper tinmer
setting
(I'ow

During troubl eshooting, disable the extinguishing agent rel ease and
t he conputer shutdown feature, if provided. Check the abort tinmer
setting according to the manufacturer’s instructions. |If the tinmer
setting is quite low, 15 seconds or |less, increase the setting to 20
seconds or nore as determ ned by local authorities to be adequate to
prevent unnecessary di scharge of the agent.

| f actuating the abort switch has no effect, check the switch
continuity wwth an ohmeter while actuating it disconnected fromits
wiring. |If the switch continuity shows alternating readings of zero ohns
and infinite resistance, as it should when bei ng repeatedly actuated,
check to see that the off and on positions of the switch are not
reversed. Such reversal may be caused by connecting the wires to the
wong pair of switch termnals or inverting the switch when nounting it.
If the switch has no defect, check its circuit continuity with an
ohmreter at the control unit and wth at | east one wire disconnected from
the control unit. Observe switch action at the ohmeter by actuating the
switch repeatedly. Correct any circuit defects or wiring errors.
Repl ace the switch if it is defective.



CHAPTER 9. SELF- STUDY QUESTI ONS

Instructions: Select the correct answer(s) for each of the follow ng
guesti ons.

Q-1 During sem annual wei ghi ng hi gh pressure carbon di oxide cylinders
shoul d be repl aced when a wei ght | oss exceeds this percentage
f ound:

a. 5% C. 20%
b. 10% d. 25%

Q-2 VWhat is the m nimum pressure for which high pressure carbon
di oxi de
cylinders should be hydrostatically tested?

a. 2,000 psi c. 4,000 psi
b. 3,000 psi d. 5,000 psi

Q-3 Low pressure carbon di oxi de storage tanks should have their liquid
| evel and pressure gauges checked for accuracy once a year.

a. True b. Fal se

Q-4 During sem annual wei ghing hal on containers should be replaced or
refilled when a wei ght | oss exceeds this percentage:

a. 5% C. 20%
b. 10% d. 25%

Q-5 Electrically operated rel ease devices for gaseous systens should

t est ed?

a. Mnthly

b. Quarterly

c Annual |'y

d. Only when there are signs of an abnormal condition

@-6 A special troubleshooting consideration of detection systens
associ ated wi th gaseous extingui shing systens is?

a. Class B wring
b. Hi gh voltage DC power supply
c. The abort feature

d. Sol enoid proportioning equi pnent
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CHAPTER 10. DRY AND WET CHEM CAL EXTI NGUI SHI NG SYSTEMS

10.1 GENERAL. Dry and wet chem cal extinguishing systens can be divided
into three general categories:

o] Total Flooding Systens. Total flooding systens are arranged to
di scharge the agent into enclosed spaces. Such systens are
used for the protection of flammable |iquid storage roons and
pai nt drying ovens (Figure 10-1). Ventilating equi pnent,
conveyors, flanmable |iquid punps, and m xers may be
interlocked with the extinguishing system shut down
automati cal ly upon di scharge of the system

[retrieve Figure 10-1. Total Flooding Dry Chemi cal SystemInstallation]

o] Local Application Systens. Local application systens are
arranged

to discharge dry chem cal directly on the hazard, w thout any
encl osure (Figure 10-2). Typical local application systens are
used for the protection of |ocalized hazards such as paint dip
tanks and restaurant range hoods (Figure 10-3). Ventilating
fans, conveyors, flammable |iquid punps, and m xers nmay be
interl ocked to shut down autonmatically upon di scharge of the
system

[retrieve Figures 10-2 and 10-3. Local Application Dry Chem cal System
and Restaurant Range Hood Wet Chem cal ]
o] Hose Line Systens. Hose line systens discharge dry chenica
t hrough manual |y operated nozzl es connected by hose or by
pi ping and hose to a fixed supply (Figure 10-4).

Dry chem cal systens are generally of the |ocal application type,
t hough can be used in any of the three general categories. However, wet
chem cal systens are limted principally to | ocal applications, e.qg.
range hood protection.

Dry chem cal used in approved systens is nostly sodi um bi carbonate,
very finely ground, to which has been added other ingredients to enable
it to flow freely and resist caking. Qher agents used in dry chem cal
ext i ngui shing systens include potassium bi carbonate, potassiumchloride,
and nonoamoni um phosphat e--nul ti pur pose type.

Generally, wet chemical is a solution of water and a chem cal
cont ai ni ng potassi um car bonate and/or potassium acetate. The system
design is dependent on the specific chemcal used in the solution. Thus
when recharging a system substitution with another chem cal should be
permtted only after a conpl ete engi neering anal ysis.

The dangers of dry chem cals to exposed personnel used in
concentrations necessary for fire extinguishnment are tenporary breathing
difficulty and reduced visibility. |In areas using total flooding
systens, suitable nmeans should be provided to permt evacuation of
personnel prior to agent discharge. |In areas using |ocal application
systens where the dry chemical is not confined, there is little hazard.
Contact with wet chem cals nmay cause sonme mnor irritation. |In addition,
protection equi pnent should be provided to rescue personnel trapped in



the roomif the fire departnment response is not expected to be pronpt.
There have been many theories as to how dry and wet chem cal s
extinguish fire. The nore generally accepted theory is that wet and dry
chem cal have an inhibiting effect on the chain reaction involved in
conbustion. Oher theories contend that (1) wet and dry chem cal
provi des a physical blanketing, (2) oxygen in the air is diluted by
carbon di oxi de and water vapor produced by the fine solid particles, or
(3) heat is reflected by the wet and dry chem cal agent.

Dry chem cal systens are used primarily for extinguishing fires in
flammabl e |iquids. Bicarbonate base dry chem cal can be particularly
effective for extinguishing fire in deep fat fryers caused by
overheating. The interaction of the dry chem cal and fat or grease
prevents reignition by saponification, that is turning the fat to soap.
Mul ti purpose dry chemcal will not react wwth the fat or grease and can
prevent the saponification reaction between the fat or grease and any
bi carbonate base dry chem cal subsequently used. Thus, m xing agents can
be counter-producti ve.

Because of its coating ability, multipurpose dry chemcal is also
effective on ordinary conbustibles such as wood, paper, or cloth when it
can reach all surfaces involved in conbustion. Bicarbonate base dry
chemcal is also effective for textile surface fires, although water
shoul d be provided to extinguish possible snoldering or deep seated
fires.

Wet chem cal systens are used nobst commonly to protect commrercial
ki tchen ranges. The potassi um based sol ution has been observed to be
nost effective in controlling grease-related fires.

[retrieve Figure 10-4. Stored Pressure Dry Chem cal Cylinder with Hose
Li ne]

Dry and wet chem cal systens are not suitable for fires in materials
such as cellulose nitrate that contain their own oxygen supply. They are
not normally suggested for fires involving delicate electrical equipnent
such as tel ephone sw tchboards, conputers, and certain other electronic
equi pnment because the dry chemical will insulate the fine and delicate
contacts, necessitating conplete, expensive cleaning.

Monoamroni um phosphat e and potassi um chl oride are slightly acidic,
and in the presence of noisture can corrode nmetals such as steel, cast
iron, and alum num  Sodi um bi carbonate and potassi um bi carbonate are
slightly basic, and in the presence of noisture can corrode netals such
as alum num al um num brass, al um num bronze, and titanium Corrosion
can be mnimzed by pronpt cleanup. Mst dry chem cal agents can be
cl eaned up by w ping, vacuum ng, or washing the exposed materials or
surfaces. Mnoammoni um phosphate will require some scraping and washi ng
i f exposed surfaces were hot when the agent was applied.

Dry and wet chem cal agents are not effective on netal--C ass D--
fires, but special dry powders are available which wll extinguish fires
in such netal s as sodium potassium magnesium alum num and titani um
Thus, renenber that "dry chem cal" and "dry powder” do not refer to the
same extingui shing agent. The design testing and mai ntenance of dry
chem cal systens is addressed in NFPA 17. NFPA 17A covers the design,
testing and mai ntenance for wet chem cal systens.

10.1.1 Types of Systens. There are basically two types of dry and
wet chem cal systens:



10.1.1.1 Gas Cartridge. Gas cartridge systens use a contai ner
of expellent gas (typically nitrogen) which, when rel eased by manual or
automati c neans, pressurizes the container of dry or wet chem cal and
forces the agent through the piping network or hose lines (Figure 10-5).
Wet chem cal systens are generally of this type.

10.1.1.2 System Pressure. Pressure systens consist of a
contai ner of dry chem cal which is constantly pressurized, usually with
nitrogen (Figure 10-6). The nitrogen pressure provides the necessary
force to propel the agent through the piping network.
[retrieve Figure 10-5. Dry Chem cal and Expellent Gas Storage Cylinders

wi th Pi pi ng Connecti on]

Figure 10-6. Double Cylinder Stored Pressure Dry Chem cal System
PHOTOGRAPH NOT | NCLUDED.

10.1.2 Syst em Conponent s.

10.1.2.1 Operating Devices. Operating devices are used to
rel ease the expellent gas fromits container for the pressurization of
the dry or wet chemcal tank or to release the dry chemcal if normally
stored under pressure.

In fixed systens, expellent gas is released fromits container by
el ectrically, pneumatically, or nechanically dropping a weight that opens
a cylinder valve or by nechanically releasing a spring that punctures the
sealing disc of a gas cartridge. Wen stored under pressure, the dry
chem cal is released by pneumatically or nechanically dropping a weight
t hat opens the di scharge val ve.

Pressure trips may be used to rel ease the weights of nore than one
unit for simultaneous di scharge on hazards needing a greater capacity
than is available for one unit. Pressure trips are operated by gas
pressure taken fromthe | ow pressure side of the expellent gas regul ator.

Hose |line systens are actuated at the cylinder by turning a hand
wheel or by noving a |ever.

10.1.2.2 Piping. The distribution system should be
constructed of standard wei ght (Schedul e 40) gal vani zed steel pipe and
standard wei ght gal vani zed steel or nmalleable iron fittings.

It is inportant that the piping system be designed so as to be
"bal anced"”, so that the pressure drop to any one nozzle will be about the
sane as to any other nozzle. Although dry chem cal suspended in a gas
may be honbgeneous during flow, i.e. resenbling a liquid, certain effects
such as inertia and sudden expansi on of the gas may cause sone separation
of the two phases, thereby altering the friction | oss characteristics.

For exanple, if several nozzles were installed consecutively at right
angles to a straight run of pipe, the inertia of the dry or wet chem cal
woul d carry nost of it past the first nozzles. These nozzles would,
therefore, discharge nore gas and | ess agent than those farther down the
pi ping system To elimnate this, all branch piping is balanced by the
use of tees, the agent entering the side port and | eaving through the two
end ports.

10.1.2.3 Nozzles. Nozzles are of various designs and
di scharge patterns. Nozzles for distributing the dry or wet chem cal are
of a type approved for the particular application. Mst nozzle
assenblies are equipped wth a seal or cap to prevent the entry of
foreign materials fromdepositing onto the nozzle, thereby bl ocking the
orifice.



10. 2 ASSCOCI ATED ALARM SYSTEMS. The al arm systens described in Chapters
2 and 3 can be used to activate dry or wet chem cal extinguishing agents.
Al arm systens used with dry or wet chem cal systens require special
considerations simlar to those for foam systens and gaseous systens.

The rel ease nethods for dry or wet chem cal agents are simlar to those
for gaseous agents--an expellent gas controlled by the alarmsystemis
used to nove the agent to the fire.

10.2.1 Electrical Initiating Devices. A typical dry or wet
chem cal system (frequently used for cooking grills and deep fat fryers)
may use rate conpensated heat detectors |ocated in the range hood. Snoke
and flame detectors are not usually used for kitchen applications because
of the frequent normal occurrence of both snoke and flane. O her
automatic fire detectors may be used for applications of dry or wet
chem cal systens. Nornmally a pressure switch type initiating device is
used to sense the rel ease of expellent gas when the release is
acconpl i shed manual | y.

10.2.2 Circuit Arrangenent and Function. The normal circuit
arrangenment for a building alarmsystemto rel ease the extinguishing
agent is the sane as for a building systemwhi ch does not cause agent
rel ease. Possible added features may be cross zoning, the abort feature,
manual release of agent, and auxiliary functions such as buil ding system
interlocks (fuel shut-off, water wash-down initiation, etc.). Wring for
detectors over a kitchen range hood should be located in conduit.

Bui I di ng systeminterl|l ocks serve to confine the fire and
extingui shing agent to the original fire area. Local application and
full flooding dry chem cal systens may be interl ocked with building
systens to cause automatic shutdown of ventilating fans, conveyors, and
flammabl e |iquid punps and m xers when an al arm occurs.

10.2.3 Alerting Devices. Alerting devices should be provided

outside of an area protected by a total flooding system warning people

that the system has been di scharged.
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CHAPTER 10. SELF- STUDY QUESTI ONS

Instructions: Select the correct answer(s) for each of the follow ng

guesti ons.
QL0-1 Types of areas protected by total flooding dry chem cal systens
are:
a. Paint dip tanks
b. Flanmable |iquid storage roons
c. Paint drying ovens
d. Al of the above
QL0-2 Ml tipurpose dry chemcal is effective on Class A, B, C and D type
fires.
a. True b. False
QL0-3 Fixed dry chem cal systens are operated automatically by:
a. Releasing a spring which punctures a sealing disk
b. Fusing a sprinkler which allows dry chemcal to flow
c. Dropping a weight which opens a cylinder valve
d. Al of the above
QLO0-4 Nozzles for dry chem cal systens are interchangeable with nozzles
for carbon dioxi de systens.
a. True b. False
QLO-5 The circuit arrangenent of alarm systens for dry chem cal

b.

extingui shing systens is:
a. Subject to nonthly inspection
The sane as for a building systemwhich does not cause agent

rel eases
c. Required to be replaced after each system operation

d. Not U. L. listed
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CHAPTER 11. | NSPECTI ON, TESTI NG, AND MAI NTENANCE OF
DRY AND WET CHEM CAL SYSTEMS

11.1 GCENERAL. Dry chem cal tanks and expell ent gas assenblies using
nitrogen should be | ocated where they will not be subject to tenperatures
above 120 deg. F or below -40 deg, F. Assenblies using carbon dioxide as
an expellent gas should be | ocated where they will not be subject to
tenperatures above 120 deg. F or below 32 deg. F. Wt chem cal tanks
shoul d be stored in areas with a tenperature range of 32 deg. F to 120
deg. F. Exposure to weather or corrosive atnospheres should be m nim zed.

Reserve supplies of dry chem cal should be stored in a clean, dry
area in the original shipping containers with the lids tightly closed to
prevent the entrance of nmpisture. The storage life of the wet chem cal
agent is approximately 12 years. Before replenishing a system the dry
chem cal shoul d be checked carefully to determne that it is free flow ng
and wi thout |unps. The pressure or weight of the expellent gas container
shoul d be
checked to assure that it is above the m nimum specified by the
manuf acturer. Proper operation of the systemis dependent upon the
physi cal characteristics of the extinguishing agent. It is essential to
use only the dry or wet chem cal for which the system was desi gned.

Conmpetitive brands of the same extingui shing agent may not be
i nterchangeable. Also, different types of agents may not be chemically
conpatible. In particular, nmonoamoni um phosphate can react with
bi car bonat e base agents produci ng pressures capable of rupturing the dry
chem cal container. As noted in Chapter 10, m xing two types of agents
is not suggested as the agents nmay counteract each other when applied
onto a burning fuel. Inspect all systens as indicated in this chapter to
be sure they are
in operating condition. Regular service contracts with the manufacturer
or installer are recomended. Inspection and test frequencies for dry
and wet chem cal systens are summarized in Table 11-1.

TABLE 11-1
SUMVARY OF | NSPECTI ON AND TEST FREQUENCI ES
FOR DRY AND WET CHEM CAL SYSTEMS

o o o o o o o e f o o et o o e e e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e o= =
——F :

: Monthly Annually

Annually |

1

1. Check nozzles and hand hose lines X |

2. Check for physical damage to system X |

3. Check dry or wet chemical expellent gas cylinders X |

5. Check condition of agent X
6. Conduct actuating and operating tests of X |
system

|
1
|
1
|
1
|
1
|
1
|
1
|
14. Check general condition of system X :
1
|
1
|
1
|
1
|
1
|
1
|
1
1

7. Hydrostatic test of cylinders and hose  (see section 11.2) :



11.2 DRY AND WET CHEM CAL SYSTEM HARDWARE. Mont hly, check that all
nozzl es and hand hose lines are clear and in the proper position and that
all operating controls are properly set. Also, a cursory visual check
shoul d be made to insure that the system has not been physically danmaged.
Sem annual Iy, check the expellent gas cylinders of gas cartridge systens
for proper pressure or weight to ensure enough gas is available. Also,
visually check the general condition of all system conponents. Annually
open and check the dry chem cal in gas cartridge and stored pressure
systens to ensure it is free flowing and wi thout [unps. Annually test
all actuating and operating devices. Fixed tenperature sensing el enents
shoul d be replaced annually in kitchen range hood systens.

Conduct hydrostatic testing as foll ows:
o] At | east once every 12 years, hydrostatically test all dry
chem ca
contai ners which are | ess than 150 pounds nom nal capacity
(based on agent weight), auxiliary pressure containers, valve
assenbl i es, hoses, hose nozzles and fittings, check val ves,
directional valves, and manifol ds.

o] After the annual inspection, performa hydrostatic test on the
equi pnent that has evidence of corrosion or pitting in excess
of manufacturer’s limts, structural damage, fire damage,
repairs by soldering, welding or brazing are noted, performa
hydrostatic test on the equi pnent.

| medi ately after use, blow all hand hose |lines and piping clear of
all dry or wet chemi cal to prevent plugging.

11.3 ASSOCI ATED ALARM SYSTEMS. The tests required for alarmsystens
associated wth release of dry or wet chem cal extinguishing agents are
the sanme as required for simlar features in foam and gaseous systens.

11.3.1 Release Devices and Auxiliary Functions. Test electrically
operated rel ease devices for dry and wet chem cal extinguishing systens
for proper function annually. |f actual agent discharge is not desired,
prevent discharge as described for gaseous agent systens in Section
9.3.1. Test auxiliary functions annually as described for gaseous agent
systens. If dry chem cal discharge is desired, bags or containers nmay be
firmy attached to the nozzles to capture the agent, reducing clean-up
requi renents and allowi ng the agent to be re-cycled.

11.3.2 Special Features. Special alarmsystemfeatures, such as
cross zoning, abort feature and tiner, and manual /el ectric rel ease
devi ces, should be tested annually the sanme as for foam and gas systens.

11.3.3 Troubl eshooting. Follow troubl eshooting guidelines for foam
and gas systens, noted in Sections 7.4 and 9. 3.



CHAPTER 11. SELF- STUDY QUESTI ONS

Instructions: Select the correct answer(s) for each of the follow ng

guesti ons.

QL1-1 Dry chem cal agent produced by different manufacturers nmay not be
conpati bl e and shoul d not be interchanged indiscrimnately.
a. True b. False

QL1-2 Dry chem cal systens should be checked annually to determ ne that:
a. Its fire extinguishing properties are within acceptable limts
b. It is free flowng and w thout | unps

c. The actuating and operating devices are functioning correctly

d. Al of the above

QL1-3 After use, all hand hose lines and fixed piping systens shoul d be
bl owmn clear of all residual dry chem cal
a. True b. False

QL1-4 The expellent gas cylinders for gas cartridge dry chem cal systens
shoul d be checked for pressure or weight:
a. Mnthly
b. Sem annual ly
c. Annually
d. Every 12 years

QL1-5 The tests for alarmsystens associated with dry chem cal systens
are simlar to those for alarm systens of foam and gaseous
syst ens.
a. True b. False

QL1-6 Wien refilling storage containers for a wet chem cal system any

wet chem cal agent may be used.
a. True b. False
11-3



CHAPTER 12. OTHER FI RE PROTECTI ON SYSTEMS

12.1 CENERAL. Previous chapters have addressed inspection, maintenance
and testing provisions for fire detection and suppressi on systens.

Oten, other fire protection nmeasures such as snoke control systens and

fire-resistant assenblies are also included in buildings. These systens
will be briefly addressed in this chapter.

Snmoke control systens act to |imt snoke spread in buildings,
mai nt ai n habi tabl e at nospheres and Iimt snoke damage. Princi pal
conponents of snoke control systens include fans, snoke doors and snoke
danpers.

Fire resistant assenblies may include the protection of a single
structural nenber (columm, beamor truss) or the provision of a wall or
floor/ceiling system The use of fire walls and danpers are inportant
conponents to preserve the integrity of wall and floor/ceiling
assenbl i es.

12.2 SMOXKE CONTROL SYSTEMS. Two typical types of snoke control systens
are stairwell pressurization and zoned snoke control systens.

12.2.1 Stairwell Pressurization Systens. Stairwell pressurization
systens are designed to maintain a snoke-free escape route in the

stairwell. This is acconplished by slightly pressurizing the stairwell to
prohi bit snoke spread into the stairwell. Four basic design approaches
are used in pressurized stairwells:

a. Single injection

b. Multiple injection

C. Conmpartnented stairwells

d. Vest i bul es

Single injection systens are the nost common type of stairwell
pressurization system Single injection systens have one fan per
stairwell, located either at the top or bottomof the stairwell, as shown
in Figures 12-1 and 12-2. An exhaust outlet nust be provided at the
opposite end of the stairwell fromthe fan. The exhaust outlet may
consi st of a vent or a doorway.

Several pressurization points are provided in multiple injection
systens. The pressurizations points may be provided by several fans or
one fan with a duct having nunerous outlets as shown in Figures 12-3 and
12-4. The duct may be located within the stairwell enclosure. As with
single injection systens, an exhaust outlet is necessary.

The use of conpartnented stairwells conceptually divides a tal
stairwell (in excess of 15-20 stories) into several shorter stairwells.
Each conpartnent may be treated simlar to a single or nultiple injection
system as shown in Figure 12-5.

Finally, a vestibule may be included at the stairway door |eading
into a corridor. The use of a vestibule with any of the above systens
may be used to decrease the anobunt of air | eakage fromthe stairwell. By
decreasing the | eakage potential, the systemreliability is increased.
Vesti bul es may be i ndependently pressurized by a fan to further enhance
the systemreliability.
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[retrieve Figures 12-1 thru 12-4. Top Injection Stairwell; Bottom
Injection Stairwell; Miltiple
I njection with Exhaust Fan, Several
Wal | Supply Fans; Multiple Injection
wi t h Exhaust Fan and Roof Mbunted
Supply Fan]

[retrieve Figure 12-5. Conpartnentalization of Stairwell in the IDS
Center in M nneapoli s]

Maj or variables affecting the performance of stairwell
pressurization systens are the fan capacity and the stairwell enclosure
itself. The design is based on the fan performng at the rated capacity.
Stairwel | pressurization systens are nost effective when air |eakage
paths are kept to a mninmum especially air | eakage paths connecting to
other parts of the building (as opposed to the outside). Possible air
| eakage paths include holes in the stairwell wall, open doors, and cracks
under door.

Activation of a stairwell pressurization system can be acconpli shed
as with other auxiliary functions, previously discussed in Chapter 2.
This includes activation by manual pull boxes or automatic fire alarm
initiating devices, such as heat and snoke detectors, water flow
swi tches, etc.

12.2.2 Zoned Snoke Control Systens. Zoned snoke control systens
operate by creating a slight negative pressure in the fire zone while
providing a slight positive pressure in adjacent zones. A snoke control
zone can consist of all or part of a floor |evel or several floors
| evel s. The negative and positive pressures are created by the start-up
and shutdown of selected fans in addition to the opening and cl osing of
appropriate danpers. The fans utilized to create the pressure differences
may be used only for snoke control or may be the sane as those used for
heating, ventilating and air conditioning purposes.

As with pressurized stairwell systens, zoned snoke control systens
require a conpl ete enclosure around the zone to be effective. This may
require the use of snobke doors and danpers to properly restrict air flow
t hrough openings in the encl osure walls.

Zoned snoke control systens are also activated as an auxiliary
function of an alarm system However, activation by manual pull stations
is generally not reconmended since a manual pull station renote fromthe
fire zone could be actuated to erroneously identify the "fire zone",
resulting in inappropriate, and possibly damagi ng system operati on.

12.2.3 Testing and Mai ntenance. All fans and danpers for the snoke
control systens should be maintained in accordance with the
manuf acturer’s recommendations, at |east on a sem -annual basis. |If
changes have been nmade since the |ast inspection, fans, danpers, control
devi ces and operating sequences shoul d be checked by a conplete
operational test.

Annual |y, each snoke control system device should be activated by
actuating an automatic fire alarmdevice. The fan and general snoke
control system operation (especially danpers) should be checked.
| nspection of the operation of snoke danpers should include verification
of novenment of the danper to the appropriate position as well as



operation of the associated notor. The adequacy of the power supplies
shoul d be checked as for fire alarm systens, described previously in
Chapter 3.

12. 3 FI RE RESI STANT ASSEMBLI ES.

12.3.1 Protection of Single Structural Menbers. Structural steel
colums, beans and trusses may be individually protected. The typical
means of protection includes installing a |ayer of a non-conbusti bl e,
insulating material, as depicted in Figure 12-6.

[retrieve Figure 12-6. Fire Protection for Steel Col ums]

Over time, the protection material may be renmpved from physi cal
contact or deterioration to expose the steel nenber. |nspection of the
fire protection material is only involved with noting those |ocations
where the

mat eri al has been renobved, especially to the degree of exposing the
steel. If sone material has been renoved, replacenent of the materi al
shoul d be done only by a qualified contractor.

12.3.2 Fire Walls. Typically, the fire resistance rating of walls
and other barriers, such as floor-ceiling assenblies is assigned after
conducting a test on a prototype of the design. Followi ng installation
in an actual building, the wall may be altered as the building is
nodi fied. Such alterations may include nmaking holes in the wall to
permt ducts, pipes, and conduits to go fromone side of the wall to the
other. It is very inportant that the holes are filled-in by non-
conmbustible insulating materials around the duct, pipe, or conduit.
| nspection of a fire-rated wall should concentrate on noticing any
unfill ed poke-through hol es.

12.3.3 Fire Doors. The purpose of a fire door is to remain closed
inafire-rated wall during a fire to restrict fire spread. Thus, an
i nspection and mai nt enance program shoul d focus on proper operation of
the door to permit it to close and |latch (where appropriate).

| nspection of a fire door on an annual basis should include the
f ol | owi ng:

o] exam ne hardware for proper operation (latch, knob, panic bar,
etc.)
o] | ook for signs of dry-rotting on those types of doors which are
suscepti bl e.
o] check for excessive wear and/or stretching on chains or cables
on
suspended fire doors.
o] observe if the door closes conpletely (as opposed to being
bl ocked
in the slightly open position).
Mai nt enance of doors should include the foll ow ng:
o] | ubri cate gui des and bearings, as needed.
o] check for proper l|atching and make necessary adjustnents of
chai ns

or cables on sliding, counter bal anced doors.



o] check hol d-open devices annually for proper operation during a
fire
alarm systemtest or test of detector at door (fusible |inks
need not be actuated.)

o] replace fusible links or other heat actuated devices which have
been pai nt ed.

12.3.4 Fire Danpers. Fire danpers are installed in ventilation
ducts where ducts penetrate fire-rated barriers, unless the building is
equi pped with a zoned snoke control system In general, fire danpers
require little mai ntenance. Danper and associ ated notors (where
applicabl e) should be checked annually for proper operation. |If fusible
links are used to hold open the danper, the link should be renoved to
permt the proper operation of danper closure. Hinges, |atches and ot her
novi ng parts should be carefully examned to insure that the danper
operates properly and lubricated if needed.
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CHAPTER 12. SELF STUDY QUESTI ONS

Instructions: Select the correct answer(s) for each of the follow ng
guesti ons.

QL2-1 Single injection systens have a fan at each floor |evel of the
stairwell.

a. True b. False
QL2-2 Typical air |eakage paths affecting stairwell pressurization
syst em performance incl ude:
a. Holes in stairwell wall
b. Open doors
c. Cracks under door
d. Al of the above

QL2-3 Fans in zoned snoke control systens may be those used in the
heati ng system

a. True b. False
QL2-4 Inspection of snoke danpers shoul d incl ude:
Movenent of danper
Dust on danper vanes

Actuation of fusible link
None of the above

eoop

QL2-5 Fire walls require no special naintenance provisions.
a. True b. False

QL2-6 Annual inspections of fire doors concentrate on the general
operating characteristics of the door.
a. True b. False
12-6
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Accel er at or
dry

Air Handling Unit (AHU)

Ai r Mi nt enance Devi ce

Al pha- Nuneri c Di spl ay

Al titude Val ve
| oss

Ambi ent Tenperature
at nosphere.

Ammet er

Approved Equi prent

Aspiration
gas

Automatic Fire Alarm System

heat ,

Auxi |l iarized Alarm System

transmt

GLOSSARY

A devi ce which speeds the operation of a
pi pe val ve by channeling air, or

nitrogen, fromthe sprinkler system
piping to the internedi ate chanber of the
dry pipe val ve.

The equi pnment which contains a fan or

for moving air through a building which

a forced air ventilating system Fans
may be shut down by the fire alarm system
during an al arm

A device used to constantly maintain a
specified air pressure in a dry pipe
sprinkler system

A type of display, often used at an al arm
recei ver consol e, which uses al phabetic
characters (letters) and nunbers to
convey information.

A val ve actuated (opened) by pressure

usual ly due to the height of liquid in a
t ank.

Tenperature of the surrounding

An instrunment for nmeasuring the flow
of electrical current.

Equi pnrent whi ch has been accepted by the
authority having jurisdiction. One
frequent criterion for approval is that
t he equi pnment nmust be listed by
Underwiters’ Laboratories (UL) or
approved by Factory Miutual (FM.

The process of introducing a liquid or
into a flowi ng stream by suction

A systemusing fire detectors, such as

snoke, systens and flane detectors to
automatically initiate al arns.

A buil di ng al arm system connected to

fire systens alarmsignals to the base



Backf | ow Preventer

Bonnet
may be

Bowl Assenbly

Butterfly Val ve

Car bon Di oxi de (CO+2+)

Cat hode Ray Tube (CRT)

fall on a fluorescent screen.

al arm headquarters through a munici pa
type base al arm system

See Check Val ve.
The upper part of a fire hydrant which

renoved for maintenance of the operating
stem

The vertical pipe extending dow into the
wat er supply which contains the inpellers
of a vertical turbine fire punp.

A device which regulates the flow
of a liquid by a plate which pivots
in the waterway.

A gas used for fire extingui shnent
pur poses.

A vacuum tube in which a hot cathode
emts electrons that are accelerated as a
beam t hrough a hi gh vol tage anode,
focused or deflected electrostatically or
el ectromagnetically and allowed to

O ten used

as a display or readout device for conputers and simlar applications.

Check Val ve

Crcuit

Cl apper
val ve

Coder
in a

Conbusti bl e
ignited

A device which permts a liquid or gas to
flow in one direction only.

Any path capabl e of being foll owed by
an electric current.

The device inside of a water control

whi ch prevents water downstream of the
valve fromentering the upstream side.

Codi ng nechani sm connected to ring bells

distinctive pattern or to transmt a

pul sating signal to a renote receiver

The pattern of pulses may give | ocation
or may instead identify type of detection
device (waterfl ow, heat detector, manual)
generating the signal. The coder may
operate by nechanically openi ng and
closing electrical contacts or electronic
circuitry may cause relay contacts to
generate the code.

A material which is capable of being

or burned.



Command Functi ons

sone

Condui t

Cont act or
used

Cont act s
preci ous

Continuity
no

Control Val ve

Convecti on
in

Current

Dashpot
A

Ability of an alarmsystemto control

functions of other building systens. For
i nstance, when an alarm occurs, the alarm
system may "conmand" fans to shut down or
fire doors to close.

Tubi ng, usually metal or plastic, which
protects wiring from damge

An el ectrical device simlar to a relay

for controlling heavy electrical

equi pnent renotely. A contactor contains
a coil and usually several sets of
contacts for switching power on or off in
response to energizing or deenergizing
the coil .

Metal lic surfaces usually nade of

metal or plated with precious netal used
for switching electrical current off and
on in relays, con-tactors, and in
switches. Contacts are used in sets or
pairs. Two contacts are required to open
or close an electrical circuit.

An electrical condition in which there is

i nterruption between two points.
Continuity is usually checked with an
ohmmeter or the resistance neasuring
scale of a nultimeter. It there is
continuity, the resistance neasured is
| ess than infinite.

A val ve which permts the regulation of a
certain piece of equipnent, e.g.,
sprinkler riser control valve.

The notion of air caused by the variation
density of air with tenperature. Heated
air rises because it is |ess dense
(lighter) than cooler air around it.

A flow of electric charge. The anount of
el ectric charge flowi ng past a point per
unit time nmeasured in anperes.

A danpi ng device, used to delay novenent.

pi ston noves in a cylinder and a trapped
liquid or gas is allowed to | eave the



Dat a Gat hering Panel (DGP)
t he

Deenergi ze

Defl ecti on

Del uge System

di schar ges

Det ect or Check Val ve

of

Di agnosi s
synpt ons

D aphragm Val ve
one

Dielectric
i nsul at or

Di ode

trapped space at a controlled rate
through a hole in the piston or by
another route. An air dashpot is
frequently used in water-flow detection
devices to delay the signal and elimnate
fal se signals due to water pressure

sur ges.

Equi prent used in nultiplex systens as

connecting point for initiating circuits
and ot her building alarmequi prent. The
DGP communi cates with the main al arm
console by transmtting status

i nformati on when interrogated. Al so
known as interface panel.

The renoval of electrical power from an

el ectrically operated device such as a
relay or contactor.

Movenment froma normal position. Wen
applied to the indicator needle of a
nmeter, it means the novenent of the
needle fromits normal position.

A sprinkler sysemin which water

from open sprinklers at the sanme tine.

A devi ce which neasures incidental flows
water to a fire protection system and
prevents reverse flows. Large flows are
unnet er ed.

Anal ysis of physical or electrical

to determ ne condition.

A val ve which is operated by pressure on

side of a nenbrane, or diaphragm inside
the valve and restricts flow through the
valve in relationship to the pressure
appl i ed.

A nonconductor of electricity; an
or insulating material .
An el ectric device that restricts current

flow chiefly to one direction, usually a
sen conduct or devi ce.



Di spat cher

Di spl ay

Door O oser

Downst r eam
Dry Barrel Fire Hydrant

val ve

Dry Crcuit

Dry Pipe System

Educt or

Electrically D stant

t he

El ect romagneti c
el ect r omagnet

Ener gi ze

One who di spatches or sends out vehicles;
especially one who dispatches fire trucks
to the scene of a fire.

Usual |y an arrangenent of nunbers and/ or
al phabetic characters which are
selectively visible in accordance with
coded el ectrical information received. A
slide display nakes use of photo-
graphically prepared slides to project

di agranms, maps and ot her information.

A device used, often electromagnetic, to
cl ose a door for the purpose of limting
the spread of snoke or fire in a

buil ding. The device may be activated by
the fire alarm system

In the direction to which the water is
fl ow ng.

A fire hydrant which is controlled by a

hydrant | ocated at the base of the
hydrant bel ow the frost |ine.

A circuit powered by | ow DC voltage,
frequently characterized by swtch
contact resistance probl ens.

A sprinkler system which contains
pressurized air or nitrogen instead of
wat er. Water discharges through automatic
sprinklers after operation of a dry pipe
val ve.

A device used to introduce foamliquid
concentrate into a water stream by
venturi action.

Refers to devices nearer to the end of

circuit or renote than ot her devices.
Such devices may be physically | ocated
near the circuit source.

Refers to devices containing an

consisting of a soft iron core wound with
a current carrying coil of insulated
wire. The current in the wire produces

t he

magneti zation of the core.

Apply electrical power to an electrically
operated device such as a relay or



contactor.

Equal i ze Chargi ng

Evacuati on Al arm

An intentional overcharge to equalize the
charge level of the individual cells in a
battery by assuring that each is fully
charged. Any cells with a full charge
produce gas while other cells continue to
char ge.

An alarmto warn occupants of an area to

| eave the area.

Exhaust er
dry

Expel | ent Gas
whi ch

Fal se Al arm

Fan Shut down

Faul t

a

Field of View
by

Filtering

Fire Departnment Connection

Fire d assifications

A devi ce which speeds the operation of a

pi pe valve by allowing a | arger vol une of
air to escape through itself than could
escape through an open sprinkler.

A pressurized gas, usually nitrogen,

is used to agitate and perneate dry
chemcal to nake it fluid so that it may
be di scharged fromits storage contai ner

There are three types of false al arns:

1) System Mal function - An alarm
produced by an electrical nmalfunction
of the alarm system

2) Unintensional Alarm- An alarmthat
IS i nadvertently triggered.

3) Intenaional Alarm- An alarmthat is
triggered by soneone with malisious
i ntent.

A stoppage of the fans in an air handling
unit (AHU) caused by a fire alarmsystem
An el ectrical defect in a circuit of an
arm system

The regi on of space which is observable

an optical device, especially a flane
det ect or.

Renovi ng unwanted el ectrical signals by
using an electrical or electronic filter.

A connection through which the fire
departnment can connection punp water into
a sprinkler or standpi pe system

Class A - Fires involving ordinary
conbusti bl es, such as wood, paper, cloth,



Fi re Door
a

Fi re Fl ow Denand
supply

Fl oat Val ve

Foam Maker

Gate Val ve

General Al arm
as

G ound
to a

Hal on
sever al

rubber, plastics, etc.

Class B - Fires involving flammuabl e or
conbustible |iquids, gases, greases, etc.

Class C- Fires involving live electrical
equi pnent .

Class D - Fires involving certain
conmbustible netals, such as magnesi um
titanium zirconium sodium potassium
etc.

A door intended to resist the progress of
fire.

The total quantity of water needed to

sprinkl ers, standpi pes and outsi de
hydrants in a fire situation.

A val ve which is actuated by a float and
system of | evers.

A device designed to introduce air into a
pressurized foam sol ution stream

A device which regulates the flow of a
liquid or gas by raising or lowering a
plate into the pipeway.

An al ar m sounded t hr oughout a buil di ng,
di stingui shed from an al arm sounded only
in an admnistrative office or other
limted area.

A conducting connection to the earth or

portion of an electric circuit that is at
zero potential with respect to the earth.

A termused to describe any one of
hal ogenat ed gaseous conpounds. The term

is followed by a four or five digit
nunber to identify a specific gas.
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Hose Header
whi ch
| npel | er

| ndi cati ng Device

Initiating Devices

| nspecti on

| nt er nedi at e Chanber
val ve

| oni ze

| nterface

Juncti on Box

Li ne Vol t age
commer ci al

Li sted by UL
f ound

A device used for testing fire punps

consists of a manifold of two or nore,
dependi ng on the size of the punp, 2-1/2
i nch-hose val ves to which hoses with
nozzl es are attached. Various flow rates
are achi eved by opening the valves of the
i ndi vi dual hoses.

The rotating part in a fire punp which
i ncreases the water supply pressure by
centrifugal force.

A device which indicates an alarm
supervisory or trouble condition.
Frequently, audible and visual devices
such as bells, horns, lanps and flashing
lights are used as indicating devices.

A device used to initiate the sequence of
el ectrical events which results in a fire
al arm or supervisory signal

Vi sual and nechani cal checking of the
condition of facilities, perfornmed on a
regul arly schedul ed basis, to determ ne
t he extent of the maintenance and repair
work required and to ensure the proper
operation of the systens.

A portion of a differential dry pipe

which is bel ow the cl apper (water side)
and is at atnospheric air pressure when
the dry pipe valve is "set" for

oper ati on.

To convert totally or partially into ions
(charged particles). This principle is
used in some snoke detectors.

Equi pnent which provides termnals for

i nterconnecting two different systens,
such as for interconnecting a building
fire alarmsystemto the base alarm
system

A box containing provisions for making
el ectrical circuit connections.

The vol tage supplied by ordinary
sources, normally 115 to 125 VAC.

Equi prent and devi ces whi ch have been



Local Energy
tripping

Mai nt enance

Mast er Box

Matri x
usual I'y

M sci bl e
proportions.

Modul e

Muni ci pal Fire Al arm
housi ng a

Muni ci pal Transmtter

bscure
receiver.

OChmmet er
t he

by Underwiters’ Laboratories, Inc.,
t hrough testing of sanples, to conply
wi th applicable UL standards.

Term used to descri be one met hod of

a municipal transmtting device. The
power source for energizing the
transmtter trip coil is a part of the
| ocal (building) alarmsystem

Day-t o-day, periodic, or schedul ed work
required to preserve or restore a
facility or equipnent to a condition that
it can be effectively utilized for its
desi gned purpose. It includes work to
prevent damage or the deterioration of a
facility that otherw se would be nore
costly to restore.

A municipal fire alarmbox which may be
tripped manually at the box or renotely
by el ectrical neans.

A rectangul ar array of indicators,

| anmps or LEDs, for identification of zone
status in larger alarm systens.

Capabl e of being m xed in all

A sel f-contai ned assenbly of electronic
conponents and circuitry that perforns
certain functions in an alarm system
The nodul e usually plugs into a | arger
rack or cabinet assenbly.

A speci ally manufactured encl osure

box transmtting device, intended for
connection to a nunicipal alarm system
t hat can be operated manual ly.

A device, which forns coded electrica
signals, intended for connection to a
muni ci pal al arm system The device can
only be tripped renotely by el ectrical
neans.

Qostruct or hinder the nornmal passage of
l[ight fromits source to a |ight

An instrunent for neasuring resistance to



A eophobi c

Open Circuit
opening a

Oper at or

conmuni cati ons

Pi ni on
is

Pi t ot Tube
pressure

Pl ant

property.

Pl aypi pe

Pneumati c

Pol ar Sol vent
per manent

Pol arity

Pol ari zed

Poppet
val ve to

Pot abl e

flow of electrical current.

Ol hating; having the ability to shed
gasoline, oil, and simlar products.

A circuit which has been broken by
switch or breaking a wire.
Per son who operates al arm and

equi pnent at an al arm system recei ving
installation.

A smal |l cogwheel or gear that engages, or
engaged by, a |arger gear or a rack.

An instrunment for neasuring velocity

in flow ng water.

One or nore buildings under the sane
ownership or control on a single

A nozzle which is used primarily for fire
punp testing. The standard pl aypi pe has
a 30 inch barrel with a 1-3/4 inch
openi ng and provision for a screwon 1-
1/8 inch tip. A short playpipe has a 15
inch barrel. Both playpi pes have sw ve
handl es to provide a handgrip for two
persons.

Pertaining to air or other gases.

A liquid whose nol ecul es possess a

el ectric nmonment. Exanples are am nes,
esters, ethers, alcohols, aldehydes, and
ketones. In firefighting, any flammabl e
liquid which destroys regular foamis
generally referred to as polar solvent.
The possession of two opposing qualities.
The plus and mnus polarity of a battery
or power supply.

Havi ng pol arity.

A piston-like device which acts as a

stop waterfl ow.

Acceptabl e for human consunpti on.



Power Di sconnect
reconnecti ng

Pre- Action System
control

Pre-Prinme Caps
open

Prim ng Water
a

Pri nt - Qut

Proporti oni ng
are

Public (or Base) Water

wat er .

Rectifi ed
to

Redundant

Regul at ed
out put .

Repai r
a

Ret ar d
action

A switch for disconnecting and

el ectrical power to a circuit. The

swi tch housing al so usually contains
circuit protective devices such as fuses
or circuit breakers.

A sprinkler systemin which the water

val ve is operated independently fromthe
sprinklers. Wter discharges only from
t hose sprinklers which have operated.
Smal | caps placed over the orifices of

sprinklers or nozzles to permt the
piping to be filled with water.

A smal |l anount of water which is added to

dry pipe val ve, downstream of the
cl apper, to provide a tight seal.

The printed output of a conputer or
conputeri zed al arm system recei ver

The action by which foamliquid and water
m xed to form foam sol uti on.

General termused to describe potable

Converted fromalternating current (AC
direct current (DC).

Duplicate or extra. Used in referring to
duplicate equi pnment to provide continued
function in case of failure in one set of
equi pnment .

Processed for constant and precise

Restoration of a facility or equipnent to

condition that allows it to be used for
its designed purpose. Repair may require
over haul , reprocessing, or replacing
parts or materials that have deteriorated
because of use or tine.

An assenbly used to delay the switch

of a waterfl ow detector and avoid fal se



Ret ard Chanber

Ri ght Angle Gear Drive

Saponi fication
soap.

Shunt Trip
tripping

Si anese Connecti on
Sill Cock

Slide Display

Sol enoi d

electric

Sol enoi d Val ve

Solid State
sem conductors

Spri nkl er

Sprinkl er R ser

Spurious Alarm
in

al ar nms.

A nechani cal device which acts as a tine
delay in sounding an al armupon fl ow of
water in a sprinkler system The device
consi sts of a hollow chanber which nust
fill with water, fromthe sprinkler
system before actuating the alarm

devi ce.

A nmechanismfor transmtting power froma
hori zontal ly nounted punp driver (usually
an engine) to a vertical shaft fire punp.

The al kal i ne hydrolysis of fats to nake

Term used to descri be the met hod of

a municipal transmtting device in which
el enents of a building alarmsystem are
connected in parallel (shunt) with the
transmtter trip coil. Renoval of the
shunt by the occurrence of an alarmin
the buil ding system causes the trip coi
to energize and the transmtter to run
The trip coil is energized by the
muni ci pal system power source, not the
bui I di ng system

See Fire Departnment Connecti on.

A garden hose type faucet.

See Di spl ay

An el ectromagnetic device in which

current in a coil of wire causes
mechani cal novenent of a netal core.

Sol enoi ds are sonetinmes used to actuate
val ves and danpers in a building fire
protection system

A val ve actuated by a sol enoi d.

Rel ated to the technol ogy of

which led to the devel opnent of
transistors, diodes, light emtting

di odes (LEDs), and other devices.

A device to distribute water upon a fire.

The portion of a sprinkler system which
contains the systemwater control val ves.

A false alarm wusually caused by a defect

t he al arm system



Squi b

St andby Battery
suppl y

St epped Down
of a

Sur f act ant

t ensi on

Tanper Switch

Tr ansf or ner
current

Tr ansponder

Troubl e Signa
abnor mal

Trim

Tripping (Trip Test)

Vent uri
whi ch

An expl osi ve devi ce.
A battery used as a secondary power

for operation of a set of fire alarm

equi pnent. It is usually rechargeabl e
and mai ntained fully charged by the alarm
system power supply. The changeover from
nor mal powered operation to battery
powered operation is automatic in nodern
equi pnent .

Refers to AC voltage reduced by the use

(step down) transforner to a | ower AC
vol t age.

A chem cal which |owers the surface
of liquid.

A switch which causes a trouble or
supervisory signal if an equi pnment cover
is opened. The termis sonetines applied
al so to val ve supervisory sw tches.

A device used to transfer alternating

energy fromone circuit to another. A
transforner consists of a pair of

i nductively coupled coils of wre, wound
on a |lam nated netal core.

A receiver/transmtter activated for
transm ssion by reception of a
predeterm ned signal. "Transponder"” is
made up of parts of the words

"transm tter"” and "responder.™

A signal indicating an al arm system
condition requiring correction for the
alarm systemto be fully operational with
all features.

Accessory piping connected to sprinkler
val ves.

The operation of a dry pipe val ve.

A constricted portion of a pipe or tube

i ncreases water velocity, thus
momentarily reducing its pressure.



Vol t age

Vol ut e

Wet Barrel Fire

Wt Pi pe System
pressuri zed

Zone
prot ect ed

El ectrical potential difference, usually
expressed in volts.

The spiral cavity forned by a fire punp
casi ng surroundi ng the punp inpeller.

A fire hydrant which is sonetines used in
| ocal hydrantities where freezing weat her
does not occur. Waterflow is usually
controlled by a conpression type val ve at
each outlet, although sonme may have one
val ve in the bonnet which controls
waterflow to all outlets.

A sprinkler system which contains

water at all times. Water discharges
upon the operation of automatic
sprinkl ers.

An area or division of a building

by one fire alarminitiating circuit.
Sonetinmes the area and the circuit are
referred to interchangeably as the zone.
The fire alarminitiating circuit may be
connected to represent a certain group of
initiating devices instead of a
particul ar area or division of the
bui I di ng.

G ossary - 12



MAI NTENANCE OF FI RE PROTECTI ON SYSTEMS
| NDEX
(Nunbers after entry refer to sections in text.)

A

Abort feature

AC/ DC hi gh speed notors

Accel erator, dry pipe system
Accuracy of neter

Activating base fire alarm system

car bon 8.2.3
di oxi de systens
Air check val ves
Air Force
Air pressure
Mai nt enance devi ce
Speci fications
Supervi sory devi ces
Air pressure indicators
Al arm
Beacon
Bel |,
Boxes
Check val ves
Connecti on
Base
Bypassi ng
Consol e
Control wunit
Equi pnent
Headquarters, base
I ndi cati ng devices
I ndi cators
Initiating devices
Lanps
Service, fire
Signaling, renote
Signal s
Syst ens
Associ at ed
Base fire
Bui | di ng
Cl assification
Fire
| nspection frequencies

electric

Restore operating condition

Servi ces
Test frequencies

9.3.3

3.3.8.3

4.1.2.2, Figure 4-13

3.3.11

2.2.2.5 Advant ages/ di sadvant ages
4.1.2.2

1.4.3

4.1.2.2, Figure 4-16

Tabl e 5-3

3.7.6

3.7.6

3.8

4.1. 4

3.6.1, Figures 2-12, 3-12
4.1.2, 5.7, Figures 4-9, 10
2.2.1.4

3.9.4

2.3.2.1, Figure 2-4, 28
2.2.2.1

Table 3-1

3.9.1

2.2.2.3, 3.8, Figures 2-29, 32
3.8.1, 3.8.2

3.6, 3.7

3.8

2.2.3.2

2.2.3.6

2.2, 2.3

2,

6.4, 7.4, 8.4, 9.3, 10.2, 11.3
2.3

2.2, 3.4.1

2.2.1, 2.3.1

2, Figures 2-5

Table 3-1

Table 2-1

2.2.3

Table 3-1



A (conti nued)

Al arm (conti nued)
Tel egraph type
Tel ephone type

3.10. 3.4,

Transm tter

Al ar ns
Connection to fire
Fal se
Local
Manual
Wat er not or

Al cohol type foam

Al erting devices

Al pha-nuneric
Paper tape recorder
Printers

Al titude val ves

sprinkler system
fire

Ammret er checki ng net hod
Antifreeze
Sol uti ons
Syst ens
Annunci ati on
Annunci at or s
Appl i ances, audi bl e signal
Application, |ocal
Aqueous filmform ng foam ( AFFF)
Arny
Around-t he- punp proportioning
Arrangenent
Crcuit
Aspirator type foam generator
Assenbl y
Fire resistant
Foam chanber
Associ ated al arm systens
Audi bl e al arm
I ndi cators
Signal s
Audi bl e current cutoff/timer
Audi bl e si gnal appliances
Aut omat i c
Al titude val ves
D alers
Fire alarminitiating devices
Fire al arm service
Pressure regul ati ng val ves
Sprinkl er systens
Sprinklers
St andpi pe systens
Tape di al er

2.3.2.1

2.3.1.1., 2.3.1.2, 3.10.3.1,
3.10.3.5

2.3.2.1, 3.4.1.6

3.10.2

2.2.3.4

4.1.4, Figure 4-28

3.6.1

4.1.4, Figure 4-28

6.1.1.1

6.4.3, 8.4.3, 10.2.3

2.2.1.2, 2.3.2.3, Figure 2-4

3.4.1.5

4.3.6.2, 5.18.7.4, Figures 4-63, 64,

Table 5-1

Figure 3-3

Tabl e 4-2

4.1.2.3, Figure 4-18

2.2.1.1, Figure 2-1

2.2.2.3, 3.4.1.4, Figure 2-8

2.2.2.3, Figure 2-8

8.1.1, 8.2.8, 10.1, Figures 8-9, 10-2

6.1.1.1

1.4.1

6.2.1.5, Figure 6-5

6.4.2, 8.4.2, 10.2.2

6.3.2.1, Figure 6-11

12.3

6.2.2.1, Figure 6-11

6.4, 7.4, 8.4, 9.3, 10.2, 11.3

3.8.2

2.2, 2.3.2.3

3.4.1.1

2.2.2.3

4.3.6, 5.18.7.4, Figures 4-63, 64

2.3.1.2

3.6.2, 3.7

2.2.3.2

4.3.6, Figures 4-62, 63, 64, 65, 66

4.1, Tables 1-1, 2, 5-1

4.1.1.1, 5.2, Table 5-2

4.2, 5.12, Table 5-1

2.3.1.2



A (conti nued)

Aut omatic (continued)
Tr ansf er

Auxi |l iary
Al r check val ves

Devi ces, al arm system
Dry pipe val ves
Units

B

Backf | ow prevent or

Bal ance pressure proportioner
Base al arm systens

Base fire alarmsystem

Base system water supply
Battery

Battery charger

Beacon, rotating evaluation alarm
Beam scal e wei ghi ng devi ce
Beam t ype photoel ectric detector
Bell, electric

Bel | s

Bi-metallic el ement

Bl ower type foam generator

Box, radio cal

Boxes, fire alarm

3-12

Bui | di ng al arm systens

Butterfly val ve indicator
Butterfly valve position sw tch

C
Call box, radio
Capacitors
Cartridge, dry chem cal gas

Cat hode ray tube (CRT)
Cat hodi ¢ protection equi pnent
Car bon di oxi de systens
7, 8, 9, 10, 9-1, Table 9-1
Central station alarmsystem
Coded
Centrifugal punp
Chanber assenbly,
Charger, battery
Check val ve, detector
Check val ves

f oam

Checki ng net hod
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, Figures 2-12, 28,

, 3.4.1, 3.9, 3.10.1
1.5, 3.7.1.6, 4.3.4.2

nwhmn

.2, 2.3.2.3

, Figure 3-1

.1.1.1, Figure 10-5

2.1.2, 2.3.2.3, Figure 2-4
18.4.7, Table 5-1
2, 9.1,
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P!
wWow
w R

.1, 3.10.4.2

, Figures 4-38, 43

1, Figure 6-7

4, 2.3.2.5, Figure 2-9

2, Figure 4-57, Table 5-1
1

u

I
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es 4-9, 10 54 55, 56, 57,

Figures 8-1, 2, 3, 4, 5, 6,

4.3.5.1, 5.7, 5.8, 5.18.7.1,



Ammet er

C (continued)

Checki ng net hod (conti nued)
Capaci t or
Di ode bridge

Checks, nercury

Chem cal extinguishing systens

Chi nes

Crcuit
Arrangenent and function
Base al arm system
Br eakers
Cl osed
Coded
Fan shut down
Faul ts

11
| ndi cati ng
Initiating

McCul | oh

Open

Renot e signaling
Series

Shor t

Shunt

Super vi sed

Tel ephone |ine

Unsuper vi sed
34

Circul ati on heating
Circulation relief valve
Class Acircuit faults
Cl ass A supervision applications
Class B circuit faults
Cl ass B supervision applications
Cl asses, supervision
Cl assification
Base fire al arm systens
Signal transm ssion net hod
St andpi pe systens
Closed circuit
Cl osi ng val ves, energency
Cl osure, fire door
Coded al arm system

Base al arm system
Central station system

Figure 3-3

Figure 3-1

Figure 3-2

4.1.2.4, Figure 4-23, Table 5-1

10, 11, Figure 10-1, 2, 3, 4, 5, 6,
Table 11-1

3.8.2.3, 3.8.2.6

6.4.2, 8.4.2, 10.2.2

3.10.3

3.3.6

3.5.3.4, 3.5.4.2, Figure 2-33
Figures 2-6, 7

Fi gure 2-10

3.5.3, 3.5.4, Figures 3-7, 8, 9, 10,

4.1, 3.5.4, Figures 2-29, 32, 35
2.2.2, 2.4.1, 3.5.3, Figures 2-24,
0, 33, 34, 3-10
1.2, 3.10.3.4, Figure 2-31
i

F'Qures 3-9, 11
Fi gure 2-26

NN N W NN

4.
5
4.1,
2.2.2, 2.4.1.3, 3.5.3.4, 3.5.4.2,
Figures 2-33, 35, 3-11
3.5.3, 3.5.4
2.2.2.2, Figure 2-6
2.4
2.3.1.1
2.4.1.4,3.5.3.3, 3.5.4.1, Figures 2-
3-10
4.3.2.2, Figures 4-35, 36
4.3.3
3.5.3.6, 3.5.4.4, Table 3-1
2.4.1.2
3.5.3.5, 3.5.4.3
2.4.1.1
2.4.1
2.3.1
2.3.1.2
4.2.1
2.4.1.3, 3.5.3.4, 3.5.4.2, Figure 3-11
5.14
2.2.2.5, 12.3.3
2.2.1.2, 2.2.2.2, 2.3.1.1, 3.4.1.3,
3.4.1.6, 3.6.1.2, Figures 2-6, 7,
3-4, 5, 12
3.9.3, 3.10.3.2
2.3.1.3, 3.10.3.1, 3.10.4



Sel ective
Transmtters
Coil, steam heating

C (continued)

Combi nati on detectors
Combi nation UV/IR detectors
Conbi ned sprinkler system
Combi ned st andpi pe system
Conmpartnental i zed stairwel|ls
Conponent s
Base al arm system
Bui | di ng al arm system
Dry chem cal extinguishing
Mai nt enance of common
Phot oel ectri c snoke detector
Rate of rise detection
Concentrates, foam
Connecti ons
Base alarm
Bui I ding alarm
Fire depart nent
Foam di schar ge
Hose
St andpi pe
Supervi sory devi ces
Consol e, alarm
Cont act adj ustnent, MCulloh
Control panel swtches
Control wunits
Control val ves
Controllers
Converting sprinkler systens
Cool i ng wat er
Cooper ati on,
departnents
Coor di nati on,
Coor di nati on,
departnents
Corrosi on protection
Criteria, maintenance
Cross zoni ng
Current, operating
Current cutoff/timer

servi ces and

Navy mai nt enance
servi ces and

D

Danpers, fire
Dat a gat heri ng panel
Dat a sheets, nmmnufacturers

2.2.1.2

3.10.4

4.3.2.2

3.6.2.1

3.6.4.3, 3.6.4.4, 3.6.4.5

4.1.2.6, Figure 4-25

4.2.2

12. 2.1, Figure 12-5

2.3.2

2.2.2

10.1. 2

3.3

Fi gure 3-17

4.1.2.5, Figure 4-22

6.1.1.1, 6.3.1, 7.3.1

2.2.1. 4

3.10

4.3.1.2, 5.18.3, Figure 4-31

Fi gure 6-10

5.12

5.12

3.10.2

2.3.2.1, Figures 2-4, 28

Figure 3-4

3.3.7

2.2.1.1, 2.2.2.1, 3.4.1, 3.5, Figures
2-1, 5

4.3.4, 5.14, 5.18.6, 6, 7, Figures
4-51, 52, 53, Tables 5-1, 7-1

4.3.3.3, Figure 4-50, Table 5-1

5.16

4.3.3.3, Figure 4-48

1.3

1.4.2

1.3

4.3.2.3

1.5

6.4, 7.4.2, 8.4, 9.3.2, Table 9-1

2.3.1.1

3.4.1.1

12.3. 4

2.3.2.1, Figure 2-25

3.2



DC Mot ors

Deactivating sprinkler system
Defi ciency detection, repair
Defl ector, sprinkler styles

D (continued)

Defl ecti on, obstruction of neter
Def |l ect or
Del uge systens, water

Del uge val ves

Depart ment connections, fire
Det ecti on
Conmponents, rate or rise
Defi ciency, repair
Mechani cal systens
Doors, fire
Det ector check val ve
Det ect or components, snoke
Det ect or power supply, snoke
Det ectors
Combi nati on
Dry pipe
Duct type

Fi xed tenperature
Fl ame act uat ed
Heat

14

| nfrared

| oni zati on snoke

Li ne type
Phot oel ectri c snoke
Rat e conpensat ed
Snoke

Ther m st or
Ther mopi | e
U traviol et

W/ IR
Wat er f | ow
Devi ces
Air pressure nmaintenance
Al arm i ndi cating
Al erting
Automatic initiating
Auxiliary alarm
Beam scal e wei ghi ng
Car bon di oxi de operating
Dry chem cal
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| ndi cati ng
Initiating

Punp
Rel ease

D (continued)

Devi ces (conti nued)
Si gnal
Supervi sory
D al ers, automatic
Di esel engine, fuel system
Differential dry pipe valve
Digital dialer
D ode bridge checking
D odes
Direct-fired tank heaters
D sadvant ages/ advant ages car bon
di oxi de system
D scharge of steam heating,
Di spl acenment type neter
D spl ays, coded signa
Door hol der
Doubl e-acting altitude val ves
Doubl e check val ves
Drill switch
Drivers for fire punp notors
Dry barrel fire hydrant
Dry chem cal systens

di rect

Dry pendant sprinkler
Dry pipe sprinkler system

Dry pipe val ves
17,

Dry standpi pe systens
Duct type snoke detector

E

El ectric
Al ar m bel
Fire punp
Mot or driven fire punp
El ectri cal
Initiating devices
Rel ease devi ces
El ect romagneti c door
El ectronic
Level indicators
Pressure drop detector

hol der

2.2.3.5, 2.2.2.3

2.2.2.2, 2.2.2.3, 3.6, 6.4.1, 8.4.1,
10. 2.1

4.3.3

7.3.1, 9.3.1

3.10.5, 3.10.6

3.7, Figure 3-28

2.3.1.2

4.3.3.3, Figure 4-49

4.1.2.2, Figures 4-12, 15, Table 5-3

2.3.1.2

3.3.4, Figure 3-2

3.3.4

4.3.2.2

8.2.3

4.3.2.2

4.3.5.2, Figure 4-59

2.2.1.2

2.2.2.5, Figure 2-11

4.3.6.2, Figure 4-63

4.3.5.1, Figure 4-56

2.2.2.1

4.3.3.3, Figures 4-45, 47

4.3.1.1, 5-18.2, Figure 4-29

10, 11, Figures 10-1, 2, 3, 4, 5, 6
Table 11-1
1.1.2, Figure 4-6
1.2.2, 3.6.5.6, 3.7.6.1, 3.7.6.4,

3.7.6.5, Figures 4-13, 14
1.2.2,5.8, Figures 4-11, 12, 15,

S

Tables 5-1, 3

2.2

.6.3.4, 3.6.3.5, 3.6.3.6, 3.6.3.7,
Figure 3-19
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Enmbankment supported water tanks 4.3.2.1, 5.18.4. 4
Enmer gency, closing control val ves 5.14

Enmer gency generators Table 3-1
Engi ne
Cool i ng 4.3.3.3, Figure 4-48
Driven fire punp 3.7.4, 4.3.3.3, Figure 4-47, 49, Table
5-1

E (continued)

Engi ne (conti nued)

Fire punp controller

Mal functi on i ndi cator
Engi neer, Arny
Equi pnent

Base al arm system

Cat hodi ¢ protection

Expl osi on proof

Schemati c di agrans

Typi cal mai ntenance for
Evacuation al arm

Beacons

Lanps
Eval uation, repair
Exhauster, dry pipe system
Expl osi ve operated del uge val ve
Exti ngui shing agent, rel ease of
Ext i ngui shi ng systens

Abort features

Associ ated al arm system

Car bon di oxi de

.3, Flgure 4-50, Table 5-1
.3, 3.7.4.6, 3.7.4.7

WA
AW
AW

BN
o

18.4.7

4
3, 3.8.2.5, 3.8.2.6
2, 3.8.2.5, 3.8.2.6

2, Figure 4-14
7, Figure 4-26
5 2.2.3.7
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1
, 9.1, Figure 8-1, 2, 3, 5, 6
7, 9-1, Table 9-1
3.2, 8.4, 9.3.2
igures 10-1, 2, 4, 5, 6

Cross zoni ng

Dry chem cal

Foam

Gaseous

Hal on

Local application
Rel ease devi ces
Wet chem ca

9-1
gure 8-7

10.1, Figures 8-9, 10-2
1

1.3.1

PNOOOOEO 00O

F

Fabric enmbanknent water tanks
Facilities, signal receiving
Fal se al arm

Fans

Fan Shut down

Fast response foamrel ease
Faul ts

N
T NWW

, Figure 2-10

3.4, 3.5, Figures 3-7, 8, 9, 10,

-
P ©oP

Fi l ament | anps and LEDs
Fi ni sh, sprinkler frane
Fire
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Danper s

Depart ment connections
Door s

Door cl osure

Hydr ant s

Loss statistics

F (continued)

Fire (conti nued)
Punps

Troubl e signals
VWl | s
Fire alarm
Boxes
12
Connecti on
Control unit
Initiating devices
Service, automatic
Servi ce, manua
Transm tter
Syst ens
Fire al arnms, nanua
Fire departnment connection
1

Fi xed tenperature detectors

FI ame actuated detectors
Fl ashi ng | anps

Fl oat actuated | evel indicator

"Fl oat" charges
Fl oat val ves

FI oodi ng exti ngui shing systens

11,

Fl ow neters testing device
Fl uor oprotei n foam
Fl ushi ng

Sprinkl er systens

Wat er supplies
Foam

Concentrate

Quality

Sol ution
Foam exti ngui shi ng systens
8,

Forced circul ati on heating
Frangi bl e bul b sprinkl er
Frangi bl e pellet sprinkler
Frequency of inspection

12.3. 4
4.3.1.2, 5.18.3, Figure 4-31
12. 3.3

2.2.2.5, 12.3.3
4.3.1.1, 5.18.2, Figures 4-29, 30
1.9, Table 1-2

3.7.3, 3.7.4, 4.3.3, 5.18.5, Figures
4-43, 44, 45, 46, 47, 49, 50,
Tables 5-1, 4

2.3.3.2, 3.6.5

12.3.2

3.6.1.1,3.6.1.2, Figures 2-12, 28, 3-

3.10.2

2.2.2.1, Figure 2-1

3.6

2.2.3.2

2.2.3.1

3.4.1.6

2, Figure 2-5

3.6.1

4.3.1.2,5.18.3, Figure 4-31, Table 5-

3.6.2, Figures 3-13, 14, 15, 16

3.6.4, Table 3-1

3.8.1.2, 3.8.2.5, 3.8.2.6

3.7.2.1, 3.7.2.4, 3.7.2.5

2.3.2.5

4,.3.6.1, Flgur 4-62

.3, 8.1.2, 8.2.7, 10.1, Figures 8-8,
10-1

4.3.3, Figure 4-42

6.1.1.1

5.6

5.18.1

7.3.1, Table 7-1

7.3, Table 7-1

7.3.2

6, 7, Figures 6-1, 2, 3, 4, 5, 6, 7,

9, 10, 11, 12
4.3.2.2, Figure 4-36
4.1.1.1, Figure 4-3
4.1.1.1, Figure 4-4
3.5.1

5.1, 7.1, 9.1, 11.1, Tables 3-1,

5.1, 7-1, 9-1, 11-1



Friction in nmeter

Fuel | evel indicator

Fuel system for diesel punp
Ful | registration neters
Function, circuit

Funds, availability of repair
Fuses

Fusi bl e 1'ink sprinkler

G

Gas cartridge
Gaseous extingui shing systens
Gat e val ves

Gener ators, energency
Generators, high expansion foam
Gong, water notor

G avity circul ation heating

G avity steel tanks

Gavity water tanks

G ound fault

H

Hal ogenat ed gas exti ngui shing
systens (Hal on systens)

Hand- of f -automatic (HOA) switch

Hanger s

Har dware, dry and wet chem ca
syst ens

Har d-wi r ed

Header arrangenent

Heat actuated device (HAD)

Heat detectors

14,

Heat ers, tank
Heati ng met hods
Heati ng systens, water tank
H gh expansi on foam systens
H gh pressure carbon di oxi de
systens
Hori zontal split-case punp
Hor ns
Hose
Connecti ons
Header testing
Li ne

11-1 Hydrants, fire

Hydraulic flushing

3.3.11

3.7.4.5, 3.7.4.6, 3.7.4.7

4.3.3.3, Figure 4-49

4.3.5.2, Figures 4-58, 59, 60

6.4.2, 8.4.2, 10.2.2

1.6.3

3.3.6

4.1.1.1

10.1.1.1

8, 9, Table 9-1

4.3.4, 5.18.6.1, Figures 2-23, 4-51, 52,
53

Table 3-1

6.3.2, Figures 6-11, 12

2.2.3.3

4.3.2.2, Figure 4-35

4.3.2.1, 5.18.4.1

4.3.2.1, 5.18.4, Figure 4-32

3.5, Figure 3-7

8.3, 9.2, Table 9-1

3.7.4.4, 3.7.4.6, 3.7.4.7

5.4

11.2

2.3.1.2

4.1.2.6, Figure 4-25

4.1.2.4, Figure 4-23

2.2.3.2,3.6.2, 3.7.6, Figures 3-13,
15, 16, Table 3-1

4.3.2.2

4.3.2.2, Figures 4-35, 36, 37

4.3.2.2, 5.18.4.6

6.3, 7.2, Figures 6-11, 12

8.2.1, 8.2.3, 9.1.1, Figures 8-2, 9-1,

Table 9-1

4.3.3.1, Figures 4-38, 43

3.8.2.2, 3.8.2.5, 3.8.2.6

5.12

4.3.3

8.1.3, 8.2.9, 9.1.1, 10.1, 11.2,
Fi gures 8-10, 10-4, Tables 9-1,

4.3.1.1, 5.18.2, Figures 4-29, 30,
Table 5-1

5.6.1



Hydr opneumati c fl ushing
Hydrostatic tests

| ndi cati ng
Circuit
Circuit faults
Control val ves
Devi ces, al arm

| (continued)

| ndi cat or val ves
| ndi cators
AT
Al arm audi bl e
Al ar m vi sual
Annunci at or
Engi ne mal function
Hand- of f - aut omat i ¢ ( HOA)

Lanps, visua
Level
Posi tion

Punp power failure

Punp runni ng

Tenperature
Infrared detectors

Initiating circuit faults
Initiating circuits
34

Initiating devices
Associ ated systens
Crcuits

Coded
Fire alarm
Foam r el ease
Gaseous systens
Noncoded

| nspection of
Associ ated systens
Backf | ow preventer
Car bon di oxi de systens
Cat hodi ¢ protection equi pnent
Control valves
Cross zoni ng
Det ectors
Dry chem cal
Fire danpers
Fire departnment connections

syst ens

5.6.2

9.1, 9.2, 11.2, Tables 9-1, 11-1

2.4.1, 3.5.4, Figures 2-29, 32, 25

3.5.4

4.3.4.2

2.2.2.3, 2.2.3.5, 3.8

4.3.4.21 Figures 4-52, 53

3.7.6

3.8.2, Figure 2-8

2.2.2.3, 3.3.9, 3.8.1

2.2.2.3

3.7.4.3, 3.7.4.6, 3.7.4.7

3.7.4.4, 3.7.4.6, 3.7.4.7

3.3.9

3.7.2, 3.7.4, Figure 3-28

3.7.1, Figures 3-26, 27

3.7.3.1, 3.7.4.1, 3.7.4.6, 3.7.4.7

3.7.3.2, 3.7.4.2, 3.7.4.6, 3.7.4.7

3.7.5

2.2.3.2, 2.2.3.7, 3.6.4.1, 3.6.4.4,
3.6.4.5, Figure 3-20

3.5.3

2.2.2.2,2.4.1, Figures 2-24, 30, 33,
3-10, Table 3-1

2.2.3

10.2.1

2.2.2.2, Figures 2-24, 26, 29, 30, 31,
32, 33, 34, 35

2.2.2.2, Figures 2-6, 7

3.6

6.4.1

8.4.1

2.2.2.2

7.3

5.18.7.3

9.1, Figure 9-1, Table 9-1

5.18.4.7

5.18.6

7.3.2, 9.3.2

3.6

11, Table 11-1

12. 3.4

5.18.3



Fire doors

Fire hydrants
Fire walls
Foam syst ens
Gaseous systens
Hal on systens
Hanger s

Heati ng systens
Hose connecti ons
Met ers

Pi pi ng

Punps

| (continued)

| nspection of (continued)
Rel ease devi ces
Snmoke control systens
Sprinkl ers
St andpi pe systens
Suppr essi on systens
Val ves
Wat er mai ns
Wat er tanks
| nspecti ons
Mai nt enance,
Mai nt enance,
Instal l ati on of
Car bon di oxi de system
Dry chem cal systens
Fl ow net er
Proporti oner

Navy
program

Punp
Switch
WAt er supervi sory devices
I nstructions, mai ntenance, Navy
Interl ock to other building
systens
I nternal conbustion engi ne

Interruptions to systens
| oni zati on snoke detector

J

Joint service responsibility

K

Key- operated control valve

L

12.3.3
5.18.2
12.3.2
7, Table 7-1
9, Table 9-1

9.2, Table 9-1

5.4

5.18.4.6

5.12

5.18.7.2

5.4, 5.5

5.18.5.1, 5.18.5.2

7.3.1

12.2

5.2, 5.3, 5.9, Table 5-1
5.12, Table 5-1

5.11

5.7, 5.8, 5.10, 5.18.7.1, Table 5-1
5.18.1, Table 5-1

5.18.4, Table 5-1

1.4.2

1.6.1

8.2.7, 8.2.8, 8.2.9, Figures 8-8, 9, 10
10.1, Figures 10-1, 2

4.3.3, Figure 4-42

6.2, Figures 6-1, 2, 3, 4
4.3.3, Figures 4-38, 39
3.7.1.1, 3.7.1.2, Figures 3-26, 27
3.7.2, Figure 3-28

1.4.2

2.2.3.7, 6.4.2, 8.4.2, 10.2.2
4.3.3.3, Figure 4-50

5.13

3.6.3, Figures 3-18, 19

1.4

4.3.4.1, Figure 4-51



Lanps

Fi | ament

Fl ashi ng evacuation al arm

Neon

Socket s

Total assenbly

Zone annunci at or
Lat ched- cl apper dry pi pe val ve
LEDs (light-emtting-di odes)
Level indicators

Level supervisory devices
Level swi tch, water
Li ght-em tting-di odes (LEDs)

L (continued)

Li ne proportioning

Li ne type detectors

Li ne vol tage control unit

Li ne vol tage systens

Li nk, fusible

Local al arm system

Local alarm systens for sprinkler
systens

Local application systens

Loss, fire, statistics

Low back pressure foam nmekers

Lowdifferential valve

Low expansi on foam systens

Low pressure carbon dioxide

Low tenperature indicator
Low vol tage control unit
Low vol t age systens

M

Main drain test

Mai nt enance
Abort feature
Al armindi cating device
Associ ated al arm systens
Backf | ow preventer
Base alarm systemcircuits
Characteristic, typical
Conponents, comon
Connecti ons
Criteria
Det ectors

Dry chem cal systens
Fire danpers

3.8.2.5, 3.8.2.6

NN WWwonww

NNW WONRWWWWWWLW
NWN TN OO0 ©0o

NN

, Figure 6-1

RPRRRNR

.1
.2
.1
.3
.1
.4

RPENENAON

4, Figure 4-28

1, 8.2.8, 10.1, Figures 8-9, 10-2
2.
2.
7

1
2, 8.2.3, 9.1.2, Figure 8-3, Table
9-1

1
2, Figure 4-15

NW®w 0PRhoR0 ANANLWLOOS
NNEDNOoE

NN

wWnN

W U100 W W UTO WO W

.2.1, 3.6.2.2, 3.6.3.6, 3.6.4.3,
3.6.5.6

11, Table 11-1

12. 3.4



Fire doors 12.3.3
Fire hydrants 5.18.2
Fire punp supervisory devices 3.7.4.6
Fire walls 12.3.2
Foam syst ens 7.2, 7.3, 7.4.1, 7.4.2, Table 7-1
Gaseous systens 9, Figure 9-1, Table 9-1
Hal on systens 9.2, Table 9-1
Hydr ant s 5.18.2
| mportance of 1.9
I ndi cati ng devi ces 3.8.2.5
Manual fire al arns 3.6.1.3
Pol i cies 1.5
Power supplies 3.10.7.1
Pr ogram 1.6
Navy 1.4.2
Ref erence material s 3.2
M (conti nued)
Mai nt enance (conti nued)
Si gnal receiving devices 3.10.5.1
Si gnal recordi ng devices 3.10.6.1
Sprinkl er systens, automatic 5, Table 5-1
St andar ds 1.5
St andpi pe systens, automatic 5.12, Table 5-1
Supervi sory devi ces 3.7
Suppr essi on systens, high speed 5.11
Transmtters 3.10.4.6
Val ves
Al titude 5.18.7.4
Check 5.7, 5.8, 5.18. 7.1
Control, sprinkler 5.18.6
Del uge 5.10
Gat e, above ground 5.18.6.1
Pi pe, dry 5.8
Pre-action 5.10
Wat er mai ns 5.18.1
Wat er tanks 5.18. 4
Waterfl ow neters 5.18.7.2
Mal functi on indicator, engine 3.7.4.3, 3.7.4.6, 3.7.4.7
Manual fire alarm service 2.2.3.1, Figure 2-12
Manual fire al arns 3.6.1, Figure 2-12, Table 3-1
Manuf acturer’s data sheets 3.2
March-ti me coded 2.2.1.2
Mast er coded 2.2.1.2
McCul | oh devi ces 2.3.2, 2.4.1.2, 3.4.1.6, 3.10.3.4,
Figures 2-27, 31, 3-4, 5, 6
Mechani ca
Det ecti on systens 4.1.2. 4
Dry pipe valve 4.1.2.2, Figure 4-17
Fl ushi ng 5.6.3
Mercury checks 4.1.2.4, Figure 4-23
Met er 3.3.11, 4.3.5.2, 5.18.7.2, Figures 4-42,
57, 58, 59, 60



Moni t or - mount ed f oam nozzl e
Moni toring signals
Mot or

AC synchr onous

Alarm water

DC

Gong, water

Punp, fire

Spring
Mul ti pl e annunci ati on
Mul ti pl ex

Muni ci pal base system coded
Muni ci pal type
Al arm system

M (conti nued)

Muni ci pal type (continued)
Recei vers
Transmitters, coded

N

National Fire Protection
Associ ati on ( NFPA)
Navy
Neon | anps
Noncoded
Alarmcircuit
Al arm system
Base al arm system
Fire al arm boxes
Initiating devices
Renote station
Transmtters
Noni ndi cati ng control val ves
Noninterfering initiating circuits
Notification equi pnment
Nozzl e system
Nozzl es
Car bon di oxi de
Dry chem cal
Foam
Hal on
WAt er spray

O

Qobstructed pi ping
bstruction of neter defl ection
On-of f sprinkl er

6.2.2.1, Figure 6-6

2.3.3

3.3.8, 4.3.3.3, Figures 4-45, 46

3.3.8.4

4.1.4, Figure 4-28

3.3.8.2, 3.3.8.3

2.2.3.3, Figure 4-28

4.3.3.3, Figure 4-45, 46, 47

3.3.8.1

2.2.1.1

2.3.1.2, 2.3.2.3, 3.10.3, 3.10.4,
Fi gure 2-25

3.10.3.2

2.3.1.1, 2.3.1.2, 2.3.1.3

2.3.2.3
3.10.4.3

=

W
©N
N

NENEE

, 3.10.4.6, 3.10.4.7
, Figure 4-51

ENNOBBENOONMNW WA ©

2.7, Figure 4-27

N

.6, Figure 8-4, Table 9-1
0.1.2.3., Table 11-1

.2.2.1, Figure 6-5, Table 7-1
.3.5, Figure 8-13, Table 9-1
.1.1.4, Figure 4-8
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Open circuit

Open sprinklers

Operating condition, restore

Operating current

Operating devi ces

Operating vol tage

Oifice size

OSHA regul ati ons

Qut si de open sprinklers

Qut si de screw and yoke val ve
(0B&Y)

, Fi gures 3-9, 11

Q

1.1, 3.7.1.5, 3.7.1.6, 4.3.4.2,
ures 2-13, 14, 3-26, 4-53

TWORAN®ON AW

. 5
1.
b
3
2.
2.
1
7
3
7.
ig

P

Panel , data gathering
Paper tape recorder
Pel l et sprinkler, frangible

AN
=N w
Ll el
PN
T W

.1.5, Figures 2-3, 4
re 4-4

P (continued)

Per f ormance summary, automatic Tables 1-1, 2
sprinkl er

Performance testing of fire punps 5

Phot oel ectri c snoke detector 3.6.3

Pil ot operated nozzle system 4.1. 2.

Pi pe sprinkler system 4.1. 2.

Pi pe val ves 4.1. 2.

7, Figure 4-27
1, 4.1.2.2, Figures 4-13, 14
2,5.8, Figures 4-11, 12, 15,

17,
Tabl e 5-3

Pi pi ng 4.1.3, 5.4, 5.5, 7, 8.2.5, 8.3.4,
10.1.2.2, Table 7-1

Pitot tube 4.3.3, 5.18.1, Figure 4-41

Pl V 3.7.1.2, 3.7.1.5, 3.7.1.6, 4.3.4.2,
Figures 3-27, 4-52

PI'V position switch 2.2.3.5, Figures 2-16, 17

Plant type wring 3.10.3.2, 3.10.3.4, 3.10.3.5

Pl astic sprinkler pipe 4.1.3

Pl ugs, pre-prine 4.1.2.4, Figure 4-24

Pol i ci es, mai ntenance 1.5

Policy, Air Force 1.4.3

Portabl e cylinder wei ghing device 9.1.1, Figure 9-1

Posi tion indicator 3.7.1.2, 3.7.1.3, 3.7.1.5, 3.7.1.6,
3.7.4.4, 3.7.4.6, 3.7.4.7

Post indicator valves (PIV) 3.7.1.2, 3.7.1.5, 3.7.1.6, 4.3.4.2,

Figures 3-27, 4-52

Power 2.3, 2.4
Circuit faults 3.5.3.1, 3.5.3.2, Figures 3-7, 8, 9
Fai l ure indicator 3.7.3.1, 3.7.4.1, 3.7.4.6, 3.7.4.7
Secondary 2.3.2.5
Supervi sion applications 2.4.1.5, Figure 2-36
Suppl i es 2.2.2.4, 2.3.2.5, 3.10.7

Pre-action sprinkler system 4.1.2.5

Pre-action val ves 4.1.2.5, 5.10, Table 5-1



Pre-prinme plugs

Presignal al arm

Pressure
Backf | ow preventer, reduced
Car bon di oxi de cylinders
Det ectors

Dry chem cal s

Foam maker s

| ndi cators

Mai nt enance devi ce

Proportioni ng, foam
2, 4

Regul ati ng Val ve

Supervi sory devi ces
Swi t ches

Val ves

63,

Wat er tanks

P (continued)

Pressuri zation, stairwell
Preventer, backfl ow
Primary power
Printers
Pr ocedures
Program mai nt enance
Proportional, type neter
Proporti oner

Ar ound-t he- punp

Bal anced pressure
Proprietary base system
Proprietary type al arm system
Protected power supplies
Protection, corrosion
Protection, equipnent, cathodic
Protein foam
Public water supplies
Publ i c Wbrks
Punp

Centrifuga

Control |l er

Engi ne cooling

Engine driven fire

Foam

Mot or controller

Mot or s

Power failure indicators

Runni ng i ndi cat or

Supervi sory devi ces

Tr oubl es
Punps

4. 3.3,

.3., Figure 4-61

.6.5.4,
, Figure 3-22

|gures 6-9, 10
.7.2.5, 3.7.6

.1.4, Figures 6-

3.
T

Fi gures 2, 63, 64, 65, 66,

ble 5-1

NW A oRwoR

.3.6

a

.7.6

.2.3.3, Table 9-1

4.3.6, 5.18.7.4, Figures 4-62,
64, 65, 66, Table 5-3

4.3.2.1, 5.18.4.5, Figure 4-34

12.2.1, Figures 12-1, 2, 3, 4, 5
4.3.5. 3, 5.18.7.3, Figure 4-61
2.3.2.5

2.2.1.2, 3.4.1.5

3.5

1.6, 1.4.2

4.3.5.2, Figure 4-58

6.2.1.5, Figure 6-5, Table 7-1
6.2.1.4, Figure 6-4, Table 7-1
3.10.3.2, 3.10.3.4, 3.10.3.5
2.3.1.1, 2.3.1.3

2.3.2.5

4.3.2.3

5.18. 4.7

6.1.1.1

4.3.1

1.4.2

4.3.3, Figures 4-38, 43

4.3.3.3, Figure 4-50

4.3.3.3, Figure 4-48

4.3.3.3, Figure 4-47

7, Table 7-1

4.3.3.3, Figure 4-46

4.3.3.3, Flgures 4-45, 46

3.7.3.1, 3.7.4.1, 3.7.4.6, 3.7.4.7
3.7.3.2, 3.7.4.2, 3.7.4.6, 3.7.4.7
3.7.3, 3.7.4

Tabl e 5-4

4.3.3, 5.18.5, 7, Figures 4-38, 39, 40,



R
Radi at or heati ng
Radi o cal |l box

Radi o frequency base system

Radi o frequency transmtters
Rapi d reaction water suppression
Rate of rise detectors

15,

Rating, tenperature

Recei vers

Recei vi ng
Devi ces, signa
Facilities, signal
Station power supply

R (conti nued)

Recor ders

Recor di ng devi ces
Reduced pressure backfl ow
prevent er
Reduci ng val ves, pressure
Ref erence materials, maintenance
Regi st er
McCul | oh tape
Paper tape
Regul ati ng val ves
Resi dential sprinkler systens
Rel ay, trouble
Rel ays
Rel ease devi ces
Rel ease extingui shing agent
Rel i ef val ve
Renot e
Al ar m si gnal i ng
Annunci ati on
Crcuit, signaling
Recei vers
Station alarm system

Transmtters
Repai r
Repl acenent cost
Resi stors

Responsi bility, joint service

Rot ati ng evacuati on al arm beacons

4.3.2.2, Figure 4-37

2.3.1.2, 2.3.2.3, Figure 2-28

2.3.2, 3.10.3.3, 3.10.3.4, 3.10.3.5,
Fi gure 2-28

3.10.4.5, 3.10.4.6, 3.10.4.7

4.1.2.7

3.6.2.1,3.6.2.2, 4.1.2.4, Figures 3-
16, 4-22

4.1.1.1, Table 4-1

2.3.2.3, 3.10.5, Figure 2-28

3.10.5, Figure 2-27, Table 3-1

2.3.2.2

2.3.2.5

2.2.1.2, 2.3.2.3, 2.3.2.4, 3.4.1.5,
Figures 2-3, 4

3.10.6, Table 3-1

4.3.5.3, 5.18.7.3, Figure 4-61

4.3.6.3, Figure 4-65

3.2

2.3.2.4

3.4.1.5

4.3.6, Figures 4-62, 63, 64, 65, 66

4.1.2.8

2.4.1.1

3.3.1

7.4.1, 9.3.1, 11.3.1

2.2.2.5, 2.2.3.7, 6.4, 8.4, 10.2

4.3.3, 4.3.6.4, Figures 4- 42 66

2.2.3.6

2.2.1.1, Figure 2-2

2.4.1.1, 2.4.1.2, Figures 2-26, 31

2.3.2.3

2.3.1.1, 2.3.1.3, 3.10.3.1, 3.10.3.4,
3.10.3.5

3.4.1.6

1.6.3

1.6.3

3.3.2

1.4

3.8.1.3, 3.8.2.5, 3.8.2.6

4
T

2, 43, 44, 45, 47, 49, 50,
able 7-1



Rubberized fabric water tank 4.3.2.1, 5.18.4.4
Runni ng i ndi cators, punp 3.7.3.2, 3.7.4.2, 3.7.4.6, 3.7.4.7
S
Saf ety
Air Force 1.4.3
Ar nry 1.7
Navy 1.4.2
Scal e, beam 9.1.1, Figure 9-1
Schematic wiring diagrans 3.2
Screw and yoke val ve, outside 3.7.1.1, 3.7.1.5, 3.7.1.6, 4.3.4.2,

( OS&Y) Figures 2-13, 14, 3-26, 4-53

[
Secondary power 2.3.2.5
Sel ective coded al arm system 2.2.1.2
Series circuit 2.2.2.2, 2.4.1.3, 3.5-.3.4, 3.5.4.2,
Figures 2-33, 35, 3-11
Service responsibility, joint 1.4
Services, fire alarm 2.2.3, 2.3.3
Short circuit faults 3.5.3.1, 3.5.4, Figures 3-8, 10
Short circuits 3.5.3, 3.5.4
S (continued)
Shunt circuits 2.2.2.2, Figure 2-6
Si gnal
Appl i ances 2.2.2.3, Figure 2-8
Power supply 2.3.2.5
Recei vers 2.3.2.3
Recei vi ng devi ces 3.10.5
Receiving facilities 2.3.2.2, Figure 2-27
Recorders 2.2.1.2, 2.3.2.3, 2.3.2.4, 3.4.1.5,
Figures 2-3, 4
Recor di ng devi ces 3.10.6
Transm ssi on 2.3.1.2
Transmtters 2.3.2.1, 3.4.1.6, 3.10.4
Signaling, renote alarm 2.2.3.6
Signaling circuit 2.4.1.1, 2.4.1.2, Figures 2-26, 31,
Table 3-1
Signal s
Al arm 2.2, 2.3.2.3
Moni t ori ng 2.3.3
Transmitted to headquarters 3.9.1
Tr oubl e 2.3.2.5, 2.4.1.1, 2.4.1.2, 2.4.1.5
Single-acting altitude val ve 4.3.6.2, Figure 4-64
Size, orifice, sprinkler 4.1.1.1
Snoke contr ol 12.2, Figures 12-1, 2, 3, 4, 5
Snoke detectors 2.2.2.4, 2.2.3.2, 2 2.3.7, 3 6.3,
Figures 3-17, 18, 19, Table 3-1
Sockets, |anmp 3.3.9.4
Sol utions, antifreeze Table 4-2
Speakers 3.8.2.4, 3.8.2.5, 3.8.2.6
Speci fications, dry pipe valve Tabl e 5-3



Spot type detectors 3.6.2.1, 3.6.3.1, 3.6.3.2, 3.6.3.6,
3.6.3.7, 3.6.4
Spray nozzl es 4.1.1.4, Figure 4-8
Spring notors 3.3.8.1
Spri nkl er
Control val ves 5.14, 5.15, 5.16, 5.18.6, Figures
4-12, 19, 51, 52, 53
Defl ector styles 4.1.1.1, Figure 4-1
Frame finish 4.1.1.1
| nspecti on 5.2, 5.3, Table 5-1
Mai nt enance 5.2, 5.3
Pre-prine plugs 4.1.2.4, Figure 4-24
Pressure indicators 3.7.6.1
Supervisory alarm 2.2.3.5, 3.6.5, 3.7
Supervi sory signals 2.3.3.3
Syst ens 4,5
Tenperature ratings Table 4-1
Waterfl ow detectors 3.6.5
Sprinkl ers, 4.1.1
Aut omati c 4.1.1.1
Bi-netallic el enent 4.1.1.1, Figure 4-5
Dry pendent 4.1.1.1, Figure 4-6
S (continued)
Sprinklers (continued)
Foam 6.2.2.1, Figure 6-8
Frangi bl e bul b & pellet 4.1.1.1, Figures 4-3, 4
Fusi bl e Iink 4.1.1.1
On- of f 4.1.1.1
Open 4.1.1.3, Figure 4-7
Per f or mance, sunmary Tables 1-1, 2
Spar e Table 5-2
Testing 5.2, Table 5-1
Stairwell, conpartnentalized 12. 2.1, Figure 12-5
Stairwel | pressurization systens 12.2.1, Figures 12-1, 2, 3, 4, 5
Bottom i njection 12. 2.1, Figure 12-1
Mul tiple injection 12.2.1, Figures 12-3, 4
Top injection 12. 2.1, Figure 12-2
St andar ds
Air Force 1.4.3
Mai nt enance 1.5
OSHA 1.7
St andpi pe systens 1.2, 4.2, 4.3, 5.12, 5.13, 5.18,
Table 5-1
Station 3.10.3.1, 3.10.3.4, 3.10.3.5
Central 2.3.1.3, 3.10.4.2
Power supply 2.3.2.5
Recei vers 2.3.2.3
Renot e 2.3.1.3
Transmtters 3.10.4.1, 3.10.4.6, 3.10.4.7
St eam heat i ng 4.3.2.2, 5.18.4.6
St eel col ums Figure 12-6
St eel tanks 4.3.2.1, 5.18.4.1



St orage tank

Stored pressure
Structural nenbers
Styles, deflector
Suction water tanks
Super vi sed

Crcuits

Crcuit faults
Super vi si on applications
Super vi sory

Al arm

Devi ces

Pressure switch

Signal s

Switch installation
Suppl i es

Power

Wat er
Suppr essi on system
Swi ng check val ve

S (continued)

Swi t ches

Synchronous AC notors

T

Tags

Tank heaters

Tanks
Bl adder
Car bon di oxi de storage
Cat hodi ¢ protection equi pnent
Foam pressure proportioning
Pressure
Wat er

35,

Tape recorder
Tel egraph type alarmtransmtter
Tel ephone type al arm

Tenperat ure
Det ectors
I ndi cators
Rat i ng
Supervi sory devi ces
Swi tch
Test

4.

3.2, 6.2, 8.2.2, Figures 4-32, 33, 34,

6-3, 8-3

10.1.1.2, Figure 10-6
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Fi gures 2-13,
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Frequenci es
McCul | oh
Procedure
Swi t ches
Testing
Abort feature
Associ ated al arm systens
Auxiliary units
Base al arm connecti ons
Base alarm systemcircuits
Connecti ons
Control units
Det ect ors

QD
NOVA T

1, 7-1, 9-1, 11-1
.3.4, Figure 2-31
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.2.1, 3.6.2.2, 3.6.3.6, 3.6.4.4,
3.6.5.6
Dry chem cal systens 11, Table 11-1
Fire hydrants 5.18.2
Fl ame detectors 3.6.4.4
Foam syst ens 7.1, 7.2, 7.3.1, 7.3.2, 9.3.2
Gaseous systens 9, Figure 9-1, Table 9-1
Gener al procedures 3.5
Hal ogenat ed gas exti ngui shi ng 9.2, Figure 9-1, Table 9-1
systens

T (continued)

Testing (continued)
Hanger s
Hydrostatic
I ndi cati ng devices
Initiating devices
Manual fire al arns
Pi pi ng
Power supplies
Punps
Rel ease devi ces
Signal recording devices
Signal receiving devices
Snmoke control systens
Snoke detectors
Sprinkl er systens, automatic
St andpi pe systens, automatic
Supervi sory devi ces
Suppr essi on system high speed
Transmtters
Val ves
Al titude
Check
Contr ol
Del uge
Dry pipe
Pre-action
Waterfl ow detectors
Wat er mains
Wat er tanks
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Testing devices for punps
Therm stor detectors
Thernopi | e detectors
Timer/current cutoff
Transfer, automatic
Transf orners
Transm ssi on
Transmtters
Tr ansponder
"Trickl e charges”
Troubl e
Rel ay
Si gnal
Troubles, fire punp
Tr oubl eshooti ng
Abort feature
Al arm i ndi cati ng devices
Associ ated al arm systens
Crcuit faults
Crcuits
Cross zoni ng

T (continued)

Tr oubl eshooti ng (conti nued)
Det ectors

Fl ame detectors

Manual fire al arns

Power supplies

Punps

Recei vi ng devi ces

Recor di ng devi ces

Snmoke detectors

Supervi sory devi ces

Transmtters

Wat erfl ow detectors
Tube, cathode ray (CRT)
Tube, pitot
Tur bi ne punp
Turbo type full registration neter

U

U traviol et detectors

U/ IR detectors

Unsuper vi sed
Circuit faults
Circuits

Vv
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, Figures 4-41, 42
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, Figures 4-39, 40, 44
.2, Figure 4-60
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2.3.2, 2.2.3.7, 3.6.4.2,
3.6.4.5, Figure 3-21
6.4.3, 3.6.4.4, 3.6.4,5

3.6.4.4,

5.3.3, Figure 3-10
4.1.4, 3.5.4.1, Figures 2-34, 3-10



Val ve
| ndi cat or

Positi on swi tches

Pressure specifications

Supervi sory devi ces

Switch installations
Val ves

Al titude

Check

Cont r ol
Del uge
Dry pipe
Fl oat

Gat e
I ndi cator, post

V (continued)

Val ves (conti nued)

Qut si de screw and yoke (OS&Y)

Post i1 ndi cat or
Pre-action

Pressure regul ating
Rel i ef

Vane type
Swi t ches
Wat er f| ow det ect or
Verti cal
Radi at or heati ng
Tur bi ne punp
Vi sual
Al arm signal s
| ndi cators
Vol t age
Cel |
Control Unit
Syst ens

w

Waf er check val ve

VWlls, fire
WAt er
Cool i ng

Del uge systens

3.7.1.1, 3.7.1.4, 3.7.1.5

3.7.1.6,

4.3.4.2, Figures 4-52, 53
3.7, Figures 2-13, 14, 18, 19, 20, 23,

3-26, 27
Table 5-3
3.7.1, 3.7.1.5, 3.7.1.6
Fi gures 3-26, 27

4.3.6.2, 5.18.7.4, Figures 4-63, 64
4.1.2.1, 4.3.5.1, 5.7, 5.8, 5.18.7.1,
Figures 4-9, 10, 54, 55, 56, 57

4.3.4, 5.14, 5.18.6, 7,
52, 53, Table 7-1

Figures 4-51

1.2.4, 4.1.2.7, 5.10, Figures 4-20,

21, 26

1.2.2, 5.8, Figures 4-11, 12, 15,

17, Table 5-3

3.4, 5.18.6.1, Figure 2-23

4,
4,
4.3.6.1, Figure 4-62
4,
4,

3.4.2, Figure 4-52

1
u
.2, Figure 4-52
5 5.10

.3, Figure 3-23
.3

2.2

3.6

4.3.2.2, Figure 4-37
4.3.3, Figures 4-39, 44

, 3.3.9, 3.8.1

N @
wh

=e
PN

4.3.5.1, Figure 4-55

3, Figure 4-48
.4, Figure 4-19

F
, 3.6.5.6, 3.6.5.7,

, 3.7.1.5, 3.7.1.6, 4.3.4.2,
res 2-13, 14, 3-26, 4-53

4
2.5,

6, Figures 4-62, 63, 64, 65, 66
3, 4.3.6.4, Figures 4-42, 66

Figure 3-23



Level supervisory devices
Mai ns
Mot or al arm
Mot or gong
Spray nozzl es
Sprinklers, foam
Suppl i es
Suppression, rapid reaction
Tanks
35
Tenperature

Wat er f | ow
Al arm
Det ectors
Tabl e

Meters
59,

Tests
Wi ghi ng devi ce, cylinder
Wet barrel fire hydrant
Wet chem cal systens
Wt pi pe sprinkler systens
Wt st andpi pe systens

W (continued)

Wre pulling
Wres, tel ephone type
Wring

Di agr ans

Pl ant type

Tel ephone type
Woden wat er tanks

Z

Zone annunci ator | anps
Zoni ng, Cross

3.7.2, Figures 2-21, 22, 3-28

4.3, 5.18.1, Table 5-1

4.1.4, Figure 4-28

2.2.3.3, 4.1.4, Figure 4-28
4.1.1.4, Figure 4-8

6.2.2.1, Figure 6-8

4.3, 5.18

4.1.2.7

4.3.2, 5.18.4, Figures 4-32, 33, 34,
3.7.5.2, 3.7.5.3, 3.7.5.4, 4.3.2.2,

Figure 3-28

2.2.3.3, Table 5-1

3.6.5, Figures 3-22, 23, 24, 25,
3-1

4.3.5.2,5.18.7.2, Figures 4-57, 58,

60, Table 5-1

Table 5-1

9.1.1, Figure 9-1

4.3.1.1, 5.18.2, Figure 4-30

10, 11, Figure 10-3, Table 11-1
3.6.5.6, 4.1.2.1

4.2.2

3.5.5

2.3.1.1

3.3.10

3.2

3.10.3.2, 3.10.3.4, 3.10.3.5
3.10.3.1

5.18.4.2

3.8.1.1, 3.8.2.5, 3.8.2.6

.4, 7.4.2, 9.3.2



